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AUTHOR'S  PREFACE 


This  little  book  aims,  primarily,  at  supplying  dairy 
students  with  a  brief  treatise  on  bacteriology  as  applied 
to  dairying.  There  are  already  many  good  books  on 
the  subject,  as  those  of  Scholl  1  and  Kramer  2  in 
German,  and  that  of  Duclaux  3  in  French.  These, 
however,  are  intended  more  for  students  who  themselves 
wish  to  work  at  bacteriology,  being  therefore  somewhat 
too  learned  and  exhaustive  for  those  who  mean  to 
become  cheesemakers  or  dairymen.  For  such  students 
it  is  only  necessary  to  get  a  general  idea  of  bac- 
teriology, and  to  become  familiarized  with  the  results 
so  far  attained  by  bacteriological  research  as  regards 
dairying,  and  the  practical  application  of  the  same. 
My  own  teaching  of  the  subject  in  the  Riitti  agricultural 

1  H.  Scholl,    Die  Milch  etc.,-Wiesbaden,  1891 

2  E.  Kramer,    Die  Bakteriologie  etc.,-Vienne,  1890-02 
'  E.  DUCLAUX,-Principes  dc  laiterie, -Paris,  l893. 
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school  is  conducted  in  accordance  with  this  principle. 
I  have  therefore  introduced  only  so  much  of  the  general 
part  of  bacteriology,  (culture  and  staining  methods, 
morphology  etc.),  as  is  absolutely  necessary  for  the 
comprehension  of  the  special  part  (the  bacteria  of  milk), 
and  have  made  the  whole  as  brief  and  elementary  as 
possible.    For  this  reason,  as  well  as  on  account  of  its 
moderate  price,  it  is  hoped  that  this  little  work  may 
find  favour  with  established  cheese-makers  who  have 
not,  so  far,  had  leisure  to  learn  anything  about  bacteria, 
and  with  agriculturalists  in  general. 


TRANSLATOR'S  PREFACE 


It  is  believed  that  the  present  translation  of  a  popular 
work  by  a  well-known  authority  will  be  of  use  to  many 
who  are  more  or  less  concerned  with  dairying.  The 
great  advance  which  Denmark  has  made  during  the  last 
30  years  in  the  manufacture  of  butter  is  undoubtedly  due, 
in  great  measure,  to  the  enlightened  way  in  which  that 
country  has  seized  every  opportunity  of  applying  science 
to  practice.  The  uniformly  good  quality  of  Danish 
butter  is  largely  due  to  the  fact  that  the  'ripening'  of 
the  cream  is  properly  regulated,  pure  cultures  of  bac- 
teria being  employed  as  '  starters ',  and  assurance  being 
made  doubly  sure  by  previously  pasteurizing  the  milk 
to  destroy  noxious  germs.  Not  only  Denmark  but 
America,  France,  Germany  and  Switzerland  are  far 
ahead  of  us  in  these  matters,  and  compete  against  home 
dairy   products   with   only  too  much  success,  while 
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Australia  is  rapidly  becoming  another  serious  rival.  In 
1892  the  foreign  butter  imported  into  this  country  was 
valued  at  £1 1,965, 190,  the  foreign  milk  (condensed 
or  preserved)  at  ,£930,288,  and  the  foreign  cheese 
at  £5,416,784.  Rather  more  than  half  the  butter  came 
from  Denmark  and  Sweden.  Fortunately  agricultural 
education  in  Britain  is  at  last  being  properly  organized, 
and  the  importance  of  bacteriology  in  dairying  is  gradually 
being  realized. 

The  present  work  was  first  published  in  German  1 
during  1893,  an  improved  French  translation  2  by  the 
author  following  in  1894,  during  which  year  a  still  further 
improved  Italian  translation  3  was  made  by  Dr.  Carlo 
La  Marca.  The  book  has  also  been  translated  into 
Hungarian  by  Professor  Vincent  von  Nagy.  All  the 
author's  additions  to  the  French  and  Italian  editions 
have  been  taken  advantage  of  by  the  present  translator, 
and  Dr.  von  Freudenreich  has  been  so  good  as  to 
furnish  further  manuscript  notes,  so  that  the  English 
translation  is  more  complete  than  the  other  issues. 
A  few  trivial  additions  (marked  Tr.)  have  been  made 
by  the  translator. 

1  Die  Bakteriologie  in  der  Milchwirthschatt,  CARL  SALLMANN, 
Basel,  1893. 

3  Les  Microbes  et  leur  R6le  dans  La  Laiterie,  CARRE,  Paris,  1894. 
3  I  Microbi  nel  Latte  e  nella  Lavorazione  del  Latte,  ClOLFl, 
Cassino,  1895. 
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My  best  thanks  are  due  to  Dr.  von  Freudenreich 
for  his  kindness  in  allowing  me  to  translate  the  book,  and 
for  the  help  which  he  has  given  from  time  to  time  with 
the  view  of  making  it  more  generally  useful. 

J.  R.  AINSWORTH  DAVIS 

Aberystwyth, 

April,  1895 

Among  firms  in  this  country  supplying  bacteriological 
apparatus  Messrs.  Becker  &  Co.,  Hatton  Wall,  Hatton 
Garden,  may  be  favourably  mentioned. 
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REVIEWS  OF  THE  FRENCH  EDITION 


"  As  this  book  is  so  valuable,  and  as  it  is  some  time 
before  it  is  likely  to  be — if  ever  it  be — published  in 
English,  a  short  account  of  it  may  be  readable  to 
those  at  least  who  are  interested  in  the  subject."  — 

The  North  British  Agriculturalist. 

"  To  the  dairy  student,  who  can  read  French,  we 
can  heartily  recommend  this  work,  and  hope  that 
before  long  an  English  edition  will  appear." — 
The  Dairy  Review. 


TRANSLATED  EXTRACT  FROM  REVIEW  OF 
THE  GERMAN  EDITION. 

"The  appearance  of  this  book  will  be  welcomed  by 
many  farmers  ....  The  book  is  of  great  value  for 
cheese-makers,  as  well  as  for  every  agriculturalist  con- 
cerned with  dairying.  For  the  investigation  of  faulty 
milk  we  regard  it  as  absolutely  indispensable." — 
Fuhling's  Landxvirthschaftliche  Zeitung. 


INTRODUCTION. 

During  recent  years  the  theory  of  fermentation, 
of  infectious  diseases,  and  of  similar  phenomena 
has  undergone  very  considerable  modification. 
These  appearances  were  at  an  earlier  period 
regarded  as  being  of  a  purely  chemical  nature 
{Liebig's  fermentation  theory,  humoral  theory, 
etc.),  but  the  newer  works  of  Pasteur,  Koch, 
and  others  has  proved  that  they  result  from  the 
activity  of  the  smallest  forms  of  life,  the  forms 
known  as  micro-organisms.  These  two  theories, 
apparently  so  opposite,  have,  however,  been  har- 
monized to  some  extent,  for  it  has  been  shown 
that  the  action  of  micro-organisms  depends  in 
many  cases  on  the  production  of  chemical  ferments 
kn  own  as  diastases  or  enzymes.  The  modifica- 
tions brought  about  by  micro-organisms  in  dead 
or  living  matter  are,  therefore,  immediately  due 
to  chemical  action,  which,  however,  is  conditioned 
by  the  vital  activity  of  the  organisms  in  ques- 
tion.   These  new  theories  are  of  great  importance 
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in  dairying,  for  the  fermentations  and  changes 
which  milk  and  its  products  undergo — such 
for  example  as  souring,  a  number  of  milk  diseases, 
the  ripening  and  certain  diseases  of  cheese — 
result,  as  we  shall  see,  from  the  action  of  various 
micro-organisms.  This  new  field  of  study  opened 
up  only  during  the  last  few  years  has  not  yet 
been  by  any  means  perfectly  explored,  and  many 
questions  relating  to  it  still  need  solution.  The 
results  so  far  obtained,  however,  are  so  important 
that  it  has  become  an  absolute  necessity  for  those 
concerned  with  the  study  and  manufacture  of 
dairy  products  to  have  at  least  some  notion  of 
this  new  branch  of  science,  as  in  this  way  only 
is  it  possible  to  acquire  the  knowledge  necessary 
for  the  rational  treatment  of  these  products. 

Micro-organisms — under  which  name  are  in- 
cluded the  smallest  forms  of  life,  which  are  not 
visible  to  the  naked  eye  and  can  only  be  perceived 
when  strongly  magnified  by  means  of  the  micro- 
scope— include  numerous  species.  Their  principal 
representatives  are  :  bacteria  1  or  microbes  2 
with  which  we  are  chiefly  concerned  here ;  yeasts, 
which  play  a  leading  part  in  the  fermentation  of 
wine  and  beer  ;  and  moulds. 

1  Greelc  for  little  staves.  Tr.     2  Greek  for  little  beings.  Tr. 
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Before  studying  micro-organisms  in  detail,  espe- 
cially bacteria  which  affect  the  dairy  industry,  it 
is  very  desirable  to  give  a  brief  general  sketch  of 
their  structure  and  functions,  as  well  as  to  learn  the 
methods  by  means  of  which  they  are  investigated. 

HISTORICAL. 

The  chief  group  of  micro-organisms,  that  of 
Bacteria  or  Microbes,  is  reckoned  at  the  present 
time  to  include  the  smallest  unicellular  forms  of 
microscopic  plants.  The  credit  of  having  first 
seen  bacteria  and  of  thus  discovering  a  new  world 
belongs  to  Leuwenhoek,  a  private  individual  who 
lived  some  300  years  ago  at  Delft  (Holland),  and 
by  means  of  a  simple  microscope  which  had  been 
constructed  for  his  use  examined  all  sorts  of 
substances.  To  the  astonishment  of  the  scientific 
world  of  his  time  he  demonstrated  by  means  of  this 
instrument  that  living  organisms,  of  a  kind  up  to 
that  time  quite  unknown,  were  to  be  found  in 
putrefying  fluids,  saliva,  &c. 

Moreover,  he  sketched  these  organisms  so 
accurately  that  we  can  recognize  them  without 
hesitation  as  the  bacteria  of  to-day.  Since,  however, 
no  means  were  then  known  of  isolating  and 
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cultivating  these  objects,  their  nature  remained 
quite  uncertain,  and  they  were  commonly  consid- 
ered .to  be  minute  animals  (animalcules).  Scarcely 
any  advance  was  made  in  our  knowledge  of 
bacteria  until  1830,  when  the  well-known  naturalist 
Ehrenberg  began  a  fresh  study  of  them  with  the 
aid  of  improved  optical  instruments.  His  descrip- 
tions have  even  now  some  value,  but  the  lack 
of  culture  methods  prevented  him  from  recognizing 
the  true  nature  of  these  organisms,  which  he 

•  also  classified  with  the  Infusoria. 1  Some  years 
later  Ferdinand  Cohn  shed  fresh  light  upon  the 
subject.  He  showed,  in  fact,  that  bacteria  are 
true  plant  cells,  with  which  they  agree  in  way 
of  growth  and  division  as  well  as  in  structure 
—and  that  they  are  connected  with  the  higher 
family  of  algae2  by  a  series  of  intermediate  forms. 

.  It  remained  for  Pasteur  to  make  the  greatest 
advance  in  this  department  by  showing  how  to 
make  pure  cultures  of  these  organisms,  by  which 
an  accurate  study  of  them  was  for  the  first  time 
rendered  possible. 

1  Microscopic  animals  first  found  in  putrefying  infusions  of 
animal  and  vegetable  matter.  Tr. 

a  A  large  group  of  low  plants  including  seaweeds,  and  the  green, 
slimy  and  filamentous  masses  found  in  fresh  water,  etc.  Tr. 
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But  before  considering  bacteria  in  general  and 
studying  the  results  attained  by  the  new  methods, 
the  question  as  to  whence  these  organisms  come 
has  first  to  be  answered.  A  prolonged  contro- 
versy beginning  in  the  18th  century  took  place 
in  connection  with  this  subject,  and  as  will  be 
immediately  seen  the  scientific  consequences  of 
this  have  been  of  great  importance.  To  put  it 
briefly,  those  on  one  side  regarded  bacteria 
as  produced  from  organic  matter  by  the  process 
of  putrefaction,  while  those  on  the  other  side  be- 
lieved they  were  derived  from  living  germs  already 
present.  The  first  theory  is  that  of  abiogenesis1 
or  spontaneous  generation;  the  second  that  of 
biogenesis*  or  "life  from  life."  Needham  (1747) 
was  particularly  prominent  among  the  supporters 
of  the  former.  Believing  that  all  forms  of  life 
were  destroyed  by  a  simple  boiling,  he  prepared 
a  decoction  of  meat  and  as  he  found  this  putre- 
fied later  on,  asserted  that  it  gave  rise  to  the 
bacteria  which  swarmed  in  it.  Spallanzani  (1777), 
on  the  other  hand,  showed  that  once  boiling  is 
not  always  sufficient  to  destroy  all  living  germs, 
but  that  repeated  and  prolonged  boiling,  coupled 

1  From  the  Greek  a,  without;  bios,  life;  gennad,  I  produce. 
9  From  the  Greek  bios,  life;  gennao,  I  produce. 
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with  exclusion  of  air  and  the  microbes  which  it 
contains  will  entirely  prevent  meat  broth,  &c,  from 
putrefying.  In  spite  of  this,  however,  the  contro- 
versy was  continued  for  a  long  time,  until  Pasteur 
demonstrated  by  methods  which  have  since  become 
classical,  that  all  putrefaction  is  due  to  bacteria 
present  in  the  air,  and  that  blood,  milk,  urine,  &c, 
will  "  keep"  indefinitely  if  collected  in  such  a 
way  that  they  cannot  be  contaminated  by  germs, 
being  then  preserved  in  vessels  free  from  germs, 
(i.e.  sterilized  vessels),  and  guarded  against  in- 
fection from  the  air.  This  theoretical  discussion 
has  practical  bearings,  for  which  reason  it  has 
been  entered  into  somewhat  fully.  For  if  the 
theory  of  spontaneous  generation  were  correct, 
it  would  be  useless  to  fight  against  deleterious 
bacteria,  as  these  would  again  and  again  be 
generated  afresh.  Fortunately,  however,  the  truth 
is  found-  in  the  contrary  view,  that  bacteria  only 
appear  where  their  germs  are  already  present, 
and  it  is  sufficient  to  exclude  these  germs  if  their 
intrusion  is  to  be  prevented. 
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Morphology1  and  Physiology2  of 
Bacteria. 

1.  Definition.— We  have  already  stated  that 
bacteria  are  unicellular  plants  of  microscopic  size, 
i.e.  not  visible  to  the  naked  eye  but  only  with 
the  aid  of  the  microscope.    At  such  a  low  stage 
of  life  it  is  certainly  difficult  to  draw  a  sharp 
boundary  line  between  the  animal  and  vegetable 
kingdoms,   and  it  is  not  impossible  that  later 
investigators  may  include  these  organisms  among 
animals,  as  was  done  by  those  who  first  observed 
them.    Their  plant  nature  is,  however,  generally 
admitted  at  the  present  time.    In  the  vegetable 
kingdom  they  come  nearest  the  algae,  but  for 
the  most  part  possess  no  chlorophyll  (leaf-green). 

2.  Structure. — Bacteria  consist  of  an  internal 
part,  the  protoplasm,  surrounded  by  a  skin  or 
membrane.  The  latter  consists  of  a  substance 
related    to  cellulose, 3  and  swells  up  in  some 

1  Morphology=the  study  of  form  and  structure,  (Greek, 
morphe,  form;  logos,  discourse).  Tr. 

a  Physiology=the  study  of  use  or  function  (Gk.  phusis, 
nature,  logos).  Tr. 

'Plant  membranes  are  usually  made  up  of  this  substance,, 
a   very  good  example  of  which  is  cotton-wool.  Tr. 
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species  to  form  a  jelly-like  capsule  by  which  the 
plant-body  is  enclosed.  It  is  not  yet  known 
with  certainty  whether  a  nucleus  1  is  contained  in 
the  protoplasm,  but  there  are  many  reasons  for 
believing  this  to  be  the  case.  Such  questions  are 
not  easy  to  solve  owing-  to  the  minuteness  of 
these  objects. 

3.  Shape. — Bacteria  may  be  of  very  different 
forms.  Many  are  spherical,  and  these  are  termed 
cocci  or  micrococci  {si?ig.  coccus  2,  micrococcus  3) 
(Fig.  1,  a).  If  such  cocci  instead  of  occurring 
singly  are  found  in  pairs  they  are  termed  diplo- 
cocci*  (Fig.  1,  b),  while  if  arranged  in  chains 
they  are  known  as  streptococci  5  (Fig.  1,  c),  and 
if  in  masses  looking  like  bunches  of  grapes  they 
are  called  staphylococci 5  (Fig.  1,  d).  Bacteria 
may  also  be  shaped  like  little  rods  (rodlets).  If 
the  rodlet  is  quite  short  it  is  spoken  of  as  a 
bacterium  7  (Fig.  1,  e),  if  fairly  long  as  a  bacillus* 
(Fig.  1,  f).  Very  long  filaments  are  included 
under  the  name  of  leptothrix.  9    Bacteria  are  not 

1  Nuclei  are  particles  of  modified  protoplasm  which  are  stained 
very  readily  by  means  of  dyes,  Tr. 

"Greek  for  berry.  Tr.     3  Gk.  for  little  berry.  Tr. 
*  Gk.  for  double  berries.  Tr.        6  Gk.  for  chain  berries.  Tr. 
6  Gk.  for  grape  berries.  Tr.        7  Gk.  for  little  staff.  Tr. 
8  Latin  for  little  rod.  Tr.         9  Gk.  for  slender  thread.  Tr. 
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in  all  cases  straight,  they  may  be  curved  or  even 
corkscrew-shaped.    In  such  cases  (Fig.  1,  g)  we 


Fig.  I.  Micro-organisms,  magnified  to  various  extents. 


speak  of  a  comma  bacilhis  (e.g.  the  comma  bacillus 
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of  cholera)  or  a  spirillum. 1  Other  kinds  branch 
and  are  then  distinguished  by  the  name  of  clado- 
thrzx2  (Fig.  i,  h). 

We  must  not,  however,  look  upon  these  various 
forms  as  fixed  and  unalterable,  constituting  definite 
kinds  or  species.  On  the  contrary,  the  same 
microbe  may  assume  different  shapes  at  different 
phases  of  its  existence.  We  are  acquainted,  for 
example,  with  bacteria3  which,  when  young, 
appear  in  the  micrococcus  form,  but  later  on 
elongate  and  become  bacilli.  Usually,  however, 
one  form  predominates,  so  that  within  certain 
limits  the  differences  in  shape  can  be  made  use 
of  for  the  purposes  of  classification,  as  will  be 
seen  immediately. 

4.  Movement. — Some  bacteria  are  motion- 
less, while  others,  on  the  contrary,  execute  sponta- 
neous movements,  and  are  provided  with  flagella  4 
(Fig.  1,  i)  which  serve  as  organs  of  locomotion. 
Their  movements  may  be  extremely  rapid  or 
slow  and  sinuous. 

1  Latin  for  little  coil,  Tr.       a  Gk  for  branched  thread,  Tr. 

'  Throughout  this  book  the  term  bacteria  is  used  in  the 
sense  of  microbes  generally,  but  it  may  also  be  used  as  the 
plural  of  the  special  form  bacterium.  Tr. 

*  Minute  threads  of  protoplasm  which  execute  lashing  move- 
ments.   (Latin  for  little  whips).  Tr. 
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5.  Size.— As  already  stated,  bacteria  are  so 
small  that  they  cannot  be  seen  with  the  naked  eye. 

Most  bacteria  are  from  to  several  times 

that  length  of  an  inch  long-.  It  has  been  calculated 
that  a  thousand  million  of  them  could  be  packed 
into  a  hollow  cube  with  edges  -fe  of  an  inch  long. 

6.  Reproduction.— Like  all  forms  of  life  bac- 
teria are  able  to  reproduce.  This  is  mostly  effected 
by  a  process  of  splitting  or  fission,  that  is  to  say 
the  microbe  divides  into  two  parts,  each  of  which 
lives  on  and  later  on  divides  in  its  turn.  If  this 
process  is  watched  under  the  microscope  the 
coccus  or  bacillus  will  be  seen  to  elongate  some- 
what and  at  the  same  time  to  get  narrower  and 
narrower  until  its  two  halves  become  free.  On 
this  account  bacteria  have  also  been  called  splitting 
plants  (Schizophytes).  In  reference  to  the  rapidity 
with  which  bacteria  reproduce  Cohn  writes  as 
follows  :  

"  Let  us  assume  that  a  microbe  divides  into  two 
within  an  hour,  these  two  into  four  in  the  next 
hour,  these  again  into  eight  in  the  third  hour, 
and  so  on.  The  number  of  microbes  thus  produced 
in  24  hours  would  exceed  i6|  millions;  in  two 
days  they  would  increase  to  47  trillions,  and  in 
a  week  the  number  expressing  them  would  be 
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made  up  of  51  figures.  At  the  end  of  24  hours 
the  microbes  descended  from  a  single  individual 
would  occupy  -fo  of  a  hollow  cube  with  edges 
of  an  inch  long,  but  at  the  end  of  the  follow- 
ing day  would  fill  a  space  of  27  cubic  inches, 
and  in  less  than  five  days  their  volume  would 
equal  that  of  the  entire  ocean." 

According  to  Co/in  again,  a  single  bacillus 
weighs  about  0.000,000,000,024,243,672  of  a  grain; 
40  thousand  millions,  1  grain;  289 billions,  1  pound. 
After  24  hours  the  descendants  from  a  single 
bacillus  would  weigh  -^-^  of  a  grain  ;  after  two 
days,  over  a  pound ;  after  three  days,  1 6|-  mil- 
lion pounds. 

It  is  clear  that  these  calculations  are  merely 
hypothetical,  and  could  only  be  realized  if  there 
were  no  obstacles  to  such  rapid  increase.  Fortu- 
nately, however,  lack  of  food  and  other  checks 
prevent  a  multiplication  of  the  kind.  These  figures 
give,  notwithstanding,  a  striking  illustration  of 
the  vital  activity  of  these  microscopic  organisms. 
We  shall  also  see  later  on  how  rapidly  and  to 
what  a  prodigious  extent  they  can  multiply  in 
milk. 

Some  species,  e.g.  the  different  kinds  of  cladothrix, 
do  not  divide,  but  grow  in  length  and  give  rise 
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to  branched  threads.  Certain  micrococci  do  not 
merely  divide  in  one  direction— a  way  by  which 
diplococci  and  streptococci  are  produced— but  in 
three  directions  simultaneously.  In  such  cases  bale- 
like masses  are  produced  instead  of  simple  rows. 
Cocci  which  grow  in  this  way  are  included  under 
the  name  sarcina. 

A  second  and  very  important  method  of  repro- 
duction is  by  the  formation  of  small  bodies  termed 
spores,  which  are  able  to  resist  unfavourable 
conditions.  All  bacteria,  however,  are  not  able  to 
produce  spores,  but  only  certain  species.  Spores 
are  of  two  kinds. 

(a)  Internal  spores  (Endogenous  Spores).  Un- 
der certain  conditions  in  some  kinds  of  bacillus 
the  protoplasm  is  seen  to  contract  into  one  or 
more  refracting  bodies.  These  are  spores  (Fig.  1, /). 
The  membrane  of  the  bacillus  then  breaks  up 
and  the  liberated  spores  germinate  later  on  into 
new  bacilli. 

(b)  Joint-spores  (Arthrospores).  In  this  case 
the  spore  is  not  formed  inside  the  bacillus,  but 
an  entire  cell  gets  detached  and  becomes  trans- 
formed into  a  spore,  which  is  capable  of  ger- 
minating some  time  afterwards. 

Spores  have  much  more  endurance  and  greater 
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powers  of  resistance  than  the  bacteria  from  which 
they  are  derived. 

Germination  of  Spores.  A  germinating  spore 
becomes  longer,  and  loses  its  bright  appearance, 
after  which  the  membrane  surrounding  it  is  rup- 
tured and  the  young  bacillus  slips  out.  Certain 
conditions,  such  as  warmth  and  the  presence  of 
oxygen,  favour  the  formation  of  spores,  while 
various  kinds  of  bacteria  secure  their  existence  by 
developing  spores  when  there  is  a  lack  of  nutriment. 

7.  Classification.— The  task  of  classifying 
bacteria  is  one  of  great  difficulty,  since  they  are 
comparatively  little  known  and  new  kinds  are 
constantly  being  discovered.  It  is  possible,  how- 
ever, to  arrange  them  in  a  few  leading  groups, 
according  to  their  shape  and  the  nature  of  their 
vital  processes,  such  as  spore-building  and  mode 
of  growth. 

The  following  classification,  proposed  by  Hueppe, 
is  one  of  the  best:  — 

I.  Coccaceae. — Forms  which  are  cocci  in  the 
vegetative  condition.    They  are  subdivided  into : 

1.  Micrococci ; 

2.  Sarcinae; 

3.  Streptococci. 

II.  Bacteriaceae. — In  the  vegetative  condition 
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these  are  rodlets,  which  under  some  circumstances 
may  give  rise  to  chains  and  threads.  This  group 
has  the  following  subdivisions: 

1.  Bacteria  (in  the  narrower  sense),  without 
internal  spores  or  with  joint-spores. 

2.  Bacilli,  with  internal  spores. 

3.  Spirobacteria  (comma-shaped  and  spiral  forms). 

III.  Leptothricheae.— Rodlets  and  longish 
threads,  which  show  a  distinction  between  base 
and  apex  of  the  filament,  growing  out  from  a 
thinner  base  to  a  broader  apex. 

IV.  Cladothricheae. —Forms  consisting  of 
branched  filaments. 

8.  Conditions  of  Life.  Like  all  other  living 
beings  bacteria  are  dependent  upon  certain  external 
conditions: — 

(a)  They  need,  in  the  first  place,  a  suitable 
temperature,  which  varies  according  to  their 
kind,  but  in  most  cases  must  not  be  less  than 
590  F.  nor  more  than  1040  F.,  while  from  86°  F. 
to  950  F.  is  usually  the  most  favourable.  There 
are,  nevertheless,  bacteria  which  can  multiply  at 
32 0  F.,  and  others  which  can  do  so  at  1400  F.  to 
1580  F.  (the  thermophilous  1  species  closely  studied 
by  Globig  and  Miquel). 

1  Greek  for  heat-loving.  Tr. 
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(b)  Oxygen.  In  a  large  number  of  bacteria 
life  is  dependent  upon  the  oxygen  of  the  air — 
these  are  aerobic  bacteria.  On  the  other  hand 
there  are  some  kinds,  cmaerobic  bacteria,  to  which 
free  oxygen  is  a  poison  and  which  can  only  develop 
when  it  is  absent.  According  as  this  relation  to 
oxygen  is  absolute  or  relative,  we  speak  of  obligate 
aerobic  and  anaerobic  bacteria,  and  facultative 
aerobic  and  anaerobic  bacteria.  Thus,  for  example, 
the  bacteria  of  lock-jaw  (tetanus)  or  of  symptomatic 
anthrax  can  only  nourish  in  the  complete  absence 
of  oxygen,  and  are  therefore  obligate  anaerobic 
forms.  On  the  other  hand  bacteria  such  as  those 
of  anthrax  are  aerobic,  but  facultatively  so,  since 
they  can  live  for  a  long  time  without  oxygen. 

(c)  Food. — Bacteria,  like  other  organisms,  can- 
not live  and  reproduce  unless  they  feed,  and  their 
food  must  contain  compounds  of  carbon  and  of 
nitrogen.  As  they  do  not  contain  chlorophyll 
they  are  not  able  to  extract  the  required  carbon 
from  carbonic  acid  gas  (=carbon  dioxide,  CO2), 
but  are  dependent  upon  carbonaceous  compounds 
of  more  complex  nature.  They  obtain  their 
nitrogen  from  certain  organic  substances  (albumi- 
noids) as  well  as  from  some  inorganic  compounds 
(nitrates  and  compounds  of  ammonia). 
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9.  Saprophytes  and  Parasites.  Pathogenic 
Bacteria.  Bacteria  draw  their  nourishment  either 
from  dead  substances  or  from  living  organisms. 
In  the  first  case  they  are  called  saprophytes,  1 
in  the  second  case  parasites.  The  latter  prey 
upon  some  living  organism  or  "  host",  and  are 
termed  obligate  parasites  if  they  can  only  live 
upon  this  host,  facultative  parasites  if  they  can 
also  live  upon  a  dead  substratum  {i.e.  upon  dead 
matter).  Saprophytes,  on  the  other  hand,  live  upon 
dead  matter  of  organic  nature,  and  are  similarly 
divided  into  obligate  and  facultative  saprophytes. 
Pathogenic 3  bacteria,  i.e.  those  which  give 
rise  to  various  diseases,  are  classed  with  parasites, 
since  they  live  and  multiply  in  living  organisms. 
They  form  one  of  the  most  interesting  chapters 
of  bacteriology  on  account  of  the  part  they  play 
in  producing  diseases,  especially  those  of  infectious 
nature.  All  that  was  formerly  known  about  such 
diseases  was  that  they  spread  by  means  of  some 
infectious  matter,  as,  for  example,  in  cholera, 
typhus,  anthrax— but  there  was  complete  ignor- 
ance as  to  the  nature  of  this  matter.  It  would 
lead  us  too  far  to  name  all  the  diseases  produced 

1  Derived  from  Greek  words  for  dead  body  and  plant.  Tr. 
a  Greek  for  disease-producing.  Tr. 
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by  bacteria  and  to  give  in  detail  how  the  results 
have  been  attained.    A  single  instance  will  serve 
to  show  how  such  conclusions  have  gradually 
been  worked   out.     Farmers  know  and  dread 
anthrax,  an  insidious  disease  which  often  attacks 
oxen  and  sheep,   and  is  able  to  destroy  entire 
herds  in  a  short  time.    In  1 849  Pollender  examined 
microscopically  the  blood  of  animals  infected  with 
the  disease,  and  observed  minute  rodlets  in  it. 
Brauell  made  a  similar  observation.  Davaine, 
a  French   scientist,  then  showed,  in  1863,  that 
these  rodlets  were  also  the  source  of  infection, 
since  this  blood  when  freed  from  rodlets  by  fil- 
tration through  porous  clay  cells  was  no  longer 
able  to  transmit  the  disease,  while  a  drop  of  blood 
containing  them  produced  anthrax  when  injected 
under  the  skin   of  an  animal.    Lastly  Pasteur 
succeeded  in  propagating  these  bacteria  outside 
the  body— by  means  of  culture  methods  to  be 
described    immediately— and   in   producing  the 
disease  by  means  of  them  in  the  same  way  as 
with  the  blood. 

In  a  similar  way  bacteria  have  been  proved  to 
be  the  cause  of  a  large  number  of  other  diseases, 
among  which  may  be  mentioned :  malignant  oedema, 
tuberculosis  (consumption),  leprosy,  glanders,  Asia- 
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tic  cholera,  typhus,  pneumonia  (inflammation  of  the 
lungs),  diphtheria,  erysipelas,  suppuration,  mammitis 
(inflammation  of  the  udder),  rabbit  septicaemia, 
fowl  cholera,  erysipelas  of  swine,  pleuropneumonia 
of  swine,  symptomatic  anthrax,  tetanus  (lock-jaw), 
septicaemia  of  mice,  actinomycosis,  &c. 

It  has  been  proved  that  the  pernicious  action 
of  these  bacteria  is  especially  due  to  the  poisons 
(ptomaines  and  ferments)  which  they  produce 
within  the  body.  They  may  also  be  injurious  for 
mechanical  reasons,  as  when  obstructions  are 
produced  by  their  excessive  multiplication  in  the 
blood-vessels  or  when  they  abstract  too  much 
nutriment  from  the  blood  and  various  organs. 
These  pathogenic  bacteria  which  under  ordinary 
conditions  cause  diseases  and  death  can,  however, 
have  their  properties  so  modified  that  they  actually 
serve  as  a  protection  against  these  very  diseases. 
The  anthrax  bacilli,  for  instance,  if  cultivated  at 
a  rather  high  temperature,  are  no  longer  fatal 
but  only  produce  slight  illness,  which  when  with- 
stood protects  against  virulent  bacilli — in  other 
words  virus  thus  attenuated  confers  immunity. 
This  discovery  of  the  distinguished  investigator 
Pasteur  is  at  the  root  of  the  various  kinds  of 
inoculation  which  are  destined  to  play  a  part  of 
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ever-increasing  importance  in  the  conflict  with 
infectious  diseases.  The  methods  now  adopted 
for  conferring  immunity  vary  according  to  the 
disease  (symptomatic  anthrax,  erysipelas  of  swine 
&c),  and  space  prevents  a  detailed  description  of 
them.  It  must  suffice  to  have  indicated  the  im- 
portance of  these  practical  results. 

The  part  which  saprophytes  play  in  nature 
is  to  bring  about  processes  of  fermentation  and 
decay.  They  are  of  use  to  man  because  some 
of  the  fermentations  they  set  up  are  of  practical 
importance  (lactic  fermentation,  "ripening"  of  cheese, 
&c),  and  because  as  agents  of  putrefaction  they 
get  rid  of  dead  bodies,  converting  them  into 
simpler  substances  and  thus  bringing  them  again 
into  the  general  circulation  of  nature. 

10.  Various  Life-Manifestations  of  Bac- 
teria.—Among  the  remaining  life-manifestations 
of  bacteria  may  further  be  mentioned:— production 
of  colouring  matters  (pigments),  of  various  gases 
and  odours,  and  also  in  certain  cases  of  light 
(phosphorescent  bacteria).  All  these  actions  depend 
upon  very  complex  chemical  reactions  which 
bacteria  set  up  in  the  substances  surrounding 
them  by  means  of  the  ferments  (diastases  or 
enzymes)  which  they  produce. 
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ii.    Resistance  to  External  Influences.— 

Like  other  living  organisms  bacteria  are  exposed 
to  the  action  of  external  agents.  Generally  speak- 
ing their  powers  of  resistance  as  regards  these 
influences  is  tolerably  high,  especially  when  they 
are  in  the  spore  stage. 

With  reference  to  heat  a  distinction  must  be 
made  between  dry  heat  and  moist  heat.  Spores 
are  well  able  to  withstand  a  dry  heat  of  2  66°F. 
for  one  hour.  If  any  object  is  to  be  made  free 
from  germs,  i.e.  sterilized,  it  must  be  exposed 
to  a  temperature  of  3200 — 3560  F.  for  half-an- 
hour,  if  this  object  is  to  be  obtained  with  certainty. 
Damp  heat  has  a  more  powerful  action.  Adult 
bacteria,  without  spores,  are  mostly  killed  at  a 
temperature  of  1400 — 1580  F.  Many  spores  are 
killed  by  simply  boiling,  but  there  are,  on  the  other 
hand,  certain  very  resistant  kinds  which  can  support 
for  a  short  time  a  temperature  of  2300 — 23 90  F* 
In  order  to  sterilize  culture  fluids — the  nature 
of  which  will  be  spoken  about  later  on — it  is 
necessary  to  expose  them  for  about  a  quarter  of  an 
hour  to  a  temperature  of  239°  F.,  a  procedure 
which  must  of  course  be  conducted  under  pressure 
in  closed  vessels  of  special  construction.  ' 

Fractional  sterilization  is  a  method  of  ren- 
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dering  culture  fluids  germ-free  by  exposing  them 
to  a  temperature  of  not  more  than  140 °— 1580  F., 
for   several  times   in  succession,   the  operation 
extending  over  a  number  of  days.    By  the  first 
heating  the  adult  bacteria  are  killed,  the  spores 
alone  remaining  alive;  the  liquid  is  then  kept  for 
24  hours  at  a  temperature  favouring  the  germin- 
ation of  the  spores,  and  then  heated  again.  All 
the   spores  which  have  developed  into  bacteria 
are  thus  killed,  and  lest  some  of  the  spores  should 
not  have  germinated  the  same  procedure  is  followed 
for   several   successive   days.    This   method  is 
adopted  for  sterilizing  liquids  which  are  liable 
to  alteration  when  exposed  to  very  high  tempera- 
tures.   It  has,  however,  been  shown  by  Miguel 
that  absolutely  certain  results  are  not  attained  in 
this  way,  for  there  are  some  spores  which  take 
days  or  even  weeks   to  germinate.    There  is, 
therefore,  the  chance  that  such  spores  maybe  present 
and  that  they  may  ultimately  germinate  and  people 
the  liquids  believed  to  be  sterile. 

Bacteria  are  extremely  resistant  as  regards  cold. 
Many  bacteria,  apparently  in  the  spore  form,  are 
able  to  withstand  an  artificial  cold  of  —  2020  F. 
for  20  hours.  Bacteria,  especially  when  in  the 
spore  condition,  are  mostly  able  to  endure  desicca- 
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tion  for  a  tolerably  long  time.  Certain  kinds, 
however,  e.g.,  the  cholera  bacillus,  are  very  sensitive 
in  this  respect  and  quickly  die  when  they  are 
dried  up. 

Light,  especially  direct  sunlight,  generally  exerts 
a  weakening  action  on  bacteria.  This  supports 
the  opinion  of  specialists  in  hygiene  that  the  free 
access  of  light  is  desirable. 

Bacteria  easily  resist  a  considerable  pressure. 
Certes,  for  example,  exposed  anthrax  cultures  to 
a  pressure  of  600  atmospheres  of  compressed  air 
without  killing  them.  Again,  Dr.  S chaffer  and 
myself  have  subjected  various  bacteria  to  a  pres- 
sure of  90  atmospheres  of  compressed  carbonic 
acid  gas  without  any  result. 

As  to  the  action  of  electricity  upon  bacteria, 
the  results  so  far  attained  are  very  indefinite  and 
more  or  less  discordant.  It  is  possible,  however, 
that  in  the  future  this  agent,  the  uses  for  which 
increase  daily,  may  play  a  leading  part  in  the 
destruction  of  bacteria. 

Chemical  reagents  are  destructive  to  bacteria 
in  so  far  as  they  happen  to  be  poisonous  to 
protoplasm.  This  is  why  bacteria  are  killed  by 
corrosive  sublimate,  carbolic  acid,  quicklime,  cop- 
per sulphate,  chlorine,  &c.    And  on  this  account 
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these  substances  are  frequently  employed  for 
purposes  of  disinfection. 


THE  METHODS  OF  BACTERIOLOGY. 


Bacteria  are  chiefly  studied  by  cultivating  them 
outside  the  living  organisms  or  dead  substances 
which  constitute  their  usual  home.  Only  when 
this  has  been  accomplished  does  it  become  pos- 
sible to  accurately  investigate  their  structure  and 
functions.  One  of  the  chief  aims  of  bacteriology 
is,  therefore,  to  devise  means  of  making  such 
cultures.  At  the  present  time  this  problem  has 
been  solved  in  the  majority  of  cases,  and  just  as 
the  farmer  sows  grain  or  plants  potatoes  and 
later  on  harvests  his  crop,  so  the  bacteriologist 
sows  all  sorts  of  bacteria  in  the  fields  of  his 
artificial  cultures,  which  afterwards  yield  a  rich 
return.  And  just  as  the  farmer  first  roots  out 
the  weeds  from  his  field  in  order  that  the  crop 
may  not  be  impeded  by  them,  so  the  bacteriolo- 
gist begins  by  destroying  all  foreign  germs  in 
his  culture  fluids  so  that  the  bacteria  introduced 
may  develop  freely.  The  composition  of  these 
nutritive  substrata  and  culture  fluids  may  vary 
considerably,  but  they  must  contain  the  substances 
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necessary  for  nourishing  bacteria,  more  especially 
those  of  carbonaceous  and  nitrogenous  nature. 
Meat  broths,  potatoes,  plant  decoctions,  milk,  &c, 
which  contain  such  substances  are,  therefore,  much 
used  for  the  purpose. 

Milk  especially,  which  chiefly  interests  us  here, 
is  a  rich  culture  fluid  for  bacteria.  We  may 
remember  that  its  average  percentage  composition 
is  as  follows: — 


Water  

Dry  substance  consisting  of:  — 
Fat  3.6 
Albuminoids 
(casein,  albumin,  }  3.3 
and  lactoprotein) 
Milk  sugar  4.9 
Ash  (salts)  0.7  . 


87-5 


12.5 


100.0 


Casein,  albumin,  and  lactoprotein,  constituting 
the  albuminoids  (nitrogenous  substances)  are  pre- 
sent as  may  be  seen  in  sufficient  quantity,  while 
the  bacteria  can  get  their  carbon  from  the  milk- 
sugar  and  fat.  Besides  this,  the  constituents  of  the 
ash  (compounds  of  potassium,  sodium,  calcium, 
magnesium,  iron,  phosphoric  acid,  sulphuric  acid, 
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chlorine)  also  aid  in  the  nutrition  of  the  bacteria. 
All  these  substances  exist  in  milk  in  a  natural 
and  consequently  easily  assimilable  condition,  and 
this  is  why  milk  is  such  a  fertile  soil  for  an 
enormous  number  of  different  sorts  of  bacteria. 
For  the  same  reason  it  is  much  used  as  a  culture 
fluid  in  bacteriological  laboratories. 

The  various  nutritious  substances  (milk,  broth, 
&c.)  are  first  placed  in  suitable  glass  vessels 
(test-tubes,  flasks,  &c),  and  then  sterilized  in  the 
way  already  described,  so  as  to  be  rendered  free 
from  germs.  These  receptacles  have  their  mouths 
stopped  with  plugs  of  sterilized  cotton-wool,  as  a 
protection  against  infection  from  the  bacteria 
always  present  in  the  air.  The  cotton-wool  allows 
air  to  freely  pass  through  it  but  keeps  out  all 
germs.  If  anaerobic  bacteria  are  to  be  cultivated 
it  is  necessary  to  remove  the  air,  or  to  replace 
it  by  some  inert  gas,  such  as  hydrogen  or  nitro- 
gen. The  reaction  of  the  culture  fluid  is  not  a 
matter  of  indifference,  for  too  great  alkalinity  or 
too  high  a  degree  of  acidity  is  fatal  to  bacteria. 
As  a  general  rule,  therefore,  culture  fluids  are 
neutralized ;  but  the  reaction  may  be  varied  within 
certain  limits  according  to  the  kind  of  bacteria 
to    be   cultivated.    The   nutritive   media  being 
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prepared  they  are  sown,  or  technically  speaking 
inoculated,  with  the  microbe  to  be  studied.  Let 
us  suppose  that  the  anthrax  bacillus  is  the  one 
to  be  cultivated.  By  means  of  a  platinum  needle, 
previously  sterilized  by  passing  it  through  the 
flame  of  a  Bunsen  burner  or  spirit  lamp,  a  minute 
drop  of  blood  from  an  animal  infected  with 
anthrax,  which  blood  is,  therefore,  known  to 
contain  the  special  bacillus,  is  introduced  into  a 
flask  of  broth.  It  is  obvious  that  the  procedure 
must  be  conducted  with  special  precautions  in 
order  to  prevent  the  culture  fluid  from  being 
contaminated  by  foreign  germs.  Thus,  the  skin 
of  the  animal  is  disinfected  with  a  1  per  1000 
solution  of  corrosive  sublimate  before  the  incision 
is  made,  and  all  the  operations  are  conducted 
with  perfectly  sterile  instruments.  The  broth  is 
kept  at  a  suitable  temperature  and  the  introduced 
bacilli  multiply  freely  and  constitute  what  is 
called  a  pure  culture.  It  is  now  easy  to  study 
them  by  placing  a  drop  of  the  culture  under  the 
microscope.  To  obtain  pure  cultures,  however,  is 
not  always  such  an  easy  matter.  We  have  often 
to  deal  with  a  mixture  of  various  bacteria,  as,  for 
example,  in  fermenting  and  putrefying  liquids, 
milk,   &c,  and  it  is  necessary  to  separate  these. 
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For  this  purpose  solid  culture  media  are  used, 
prepared  by  addition  of  gelatine  or  agar  (a 
Japanese  seaweed)  to  culture  fluids.  In  this  way- 
nutritive  substances  are  procured  which  are  jelly- 
like at  temperatures  suitable  for  the  cultivation 
of  bacteria  (590— 99°  F.).  Agar  is  employed 
for  temperatures  above  7 1 0  F.,  as  gelatine  lique- 
fies under  such  conditions.  If,  for  example,  we 
wish  to  separate  or  isolate  the  different  kinds  of 
bacteria  contained  in  a  given  specimen  of  water 
or  milk,  one  of  these  gelatinous  substances  is 
liquefied  by  being  heated  in  a  test-tube  to  a 
temperature  of  about  1 130  F.  (if  a  higher  temper- 
ature is  employed  the  introduced  bacteria  may 
be  killed),  and  a  drop  or  less  of  the  liquid  to 
be  examined  added.  The  mixture  is  then  shaken 
up,  so  as  to  secure  equal  distribution  of  germs, 
and  poured  out  upon  a  flat-bottomed  receptacle 
previously  sterilized.  The  gelatine  (or  agar)  thus 
employed  solidifies  in  cooling  and  constitutes  a 
plate  culture.  If  there  is  reason  to  believe  that 
the  fluid  being  investigated  is  very  rich  in  germs 
it  should  be  previously  diluted  with  sterilized 
water.  The  bacteria  enclosed  in  a  plate-culture 
multiply  at  the  spots  where  they  are  found  to 
form  colonies,  which  differ  considerably  accord- 
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ing  to  the  nature  of  the  microbes  composing 
them.  Some  liquefy  the  gelatine,  others  do  not ; 
some  are  colourless,  others,  made  up  of  pigment- 
forming  bacteria,  are  coloured.  By  means  of  a 
sterilized  platinum  wire  these  colonies  can  be 
picked  out  and  placed  in  separate  receptacles 
containing  suitable  nutritive  fluids,  where  they 
give  rise  to  pure  cultures  of  the  different  species 
which  were  present  in  the  original  fluid.  In  this 
way  too,  by  counting  the  colonies  present  in  a 
definite  volume  of  gelatine  it  is  possible  to 
estimate  the  number  of  bacteria  contained  in  a 
given  liquid. 

These  various  cultures  must  be  kept  at  a  temper- 
ature favourable  to  the  growth  of  bacteria  (see 
above),  and  for  this  purpose  special  boxes  known 
as  incubators  are  employed,  the  temperature  of  which 
can  be  kept  at  the  required  height  (usually  68°  F. 
and  950  F.)  by  special  regulating  apparatus. 

When  pure  cultures  have  been  obtained  the 
bacteria  composing  them  can  be  further  studied, 
and  are,  to  begin  with,  examined  under  the 
microscope.  To  study  them  in  the  living  condi- 
tion a  small  drop  of  the  culture  is  placed  upon 
a  cover-glass, 1  which  is  then  placed  on  a  slightly 

]  A   small  square   or   circular  piece  of  exceedingly  thin  glass, 
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hollowed  glass  slide,  drop  downwards.  The  bac- 
teria remain  suspended  in  a  "  hanging  drop " 
culture  of  this  kind,  and  it  is  possible  to  study 
their  structure,  observe  their  movements,  &c.  The 
details  of  structure  are  seen  more  distinctly  in 
bacteria  which  have  been  killed  and  stained, 
advantage  being  taken  in  effecting  the  latter 
operation  of  the  fact  that  the  protoplasm  of  these 
organisms  readily  takes  up  certain  dyes,  espe- 
cially those  of  aniline  nature.  A  small  drop  of 
the  culture  is  placed  upon  a  cover-glass,  dried 
by  rapidly  passing  through  the  flame  of  a  Bunsen 
burner,  and  then  dipped  in  a  staining  solution. 
Bacteria  can  be  seen  much  more  distinctly  in 
stained  preparations  of  this  sort  than  in  the  living 
condition.  We  cannot  here  treat  in  greater  detail 
of  these  methods  of  preparation  and  staining, 
but  they  are  of  very  great  importance  in  bac- 
teriology. 

After  this  preliminary  examination  the  pure 
culture  is  tested  regarding  its  physiological 
properties  (powers  of  producing  fermentation, 
disease,  &c). 

used  for  covering  minute  objects  placed  on  a  glass  slip  for 
microscopic  examination.  Tr. 
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HABITAT  OF  BACTERIA. 

It  follows  from  what  has  been  already  said 
that  bacteria  will  be  met  with  wherever  organic 
life  is  found,  and  consequently  wherever  there  are 
plants  and  animals,  for  the  dead  bodies  of  these 
furnish  them  with  abundant  food.  They  always 
abound,  therefore,  on  the  surface  of  the  ground, 
and  in  water  flowing  in  contact  with  the  air. 
They  are  also  often  met  with  in  large  numbers 
in  the  air,  into  which  they  pass  along  with  dust. 
The  following  figures  will  serve  as  illustrations. — 

Earth. — Bacteria  are  very  numerous  in  the 
superficial  layers  of  soil,  where  they  may  occur 
to  the  number  of  hundreds  of  thousands  per  grain. 
They  are  less  abundant  in  the  deeper  layers,  and 
at  a  depth  of  from  10  to  20  feet  the  soil  is  generally 
free  from  germs. 

Water. — Spring  water  issuing  from  deep  within 
the  earth  is  generally  free  from  bacteria.  The 
earth  here  acts  as  a  complete  filter,  removing 
germs  from  the  rainwater  which  passes  through 
it  and  serves  to  feed  springs.  But  after  water 
has  been  exposed  to  the  air  it  becomes  charged 
with  germs,  as  is  the  case  with  rivers,  lakes,  and 
the  sea.     Several  hundred  bacteria  to  tV  of  a 
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cubic  inch  is  nothing  unusual,  and  water  containing 
something  like  this  number  of  germs  may  never- 
theless be  fit  to  drink.  But  if  the  number  is 
much  greater  than  this  there  is  reason  for  believing 
that  the  water  is  specially  contaminated  and  for 
considering  it  suspicious. 

Air.— The  number  of  germs  present  in  air  is 
liable  to  great  variation,  depending  as  it  does 
upon  the  presence  or  absence  of  sources  of  con- 
tamination.   In  uninhabited  places  there  are  gener- 
ally less  than  100  bacteria  per  cubic  yard;  in 
inhabited  places  several  hundreds,  a  figure  which 
may  easily  be  raised  to  200—400,000  per  cubic 
yard  if  dust  is  stirred  up,  as,  for  example,  by 
sweeping  a  room.    In  the  streets  of  Paris  there 
are  on  an  average  4,000  bacteria  per  cubic  yard— 
at  Berne  I  have  found  about  700  in  the  same 
space.    In  open  country  fields  I  have  found  about 
100  and  on  a  small  mountain  (the  Gurten,  near 
Berne)  not  more  than  8  per  cubic  yard.    At  a 
greater  height,  on  the  top  of  the  Eiger  (about 
13,000  ft),  I  have  found  air  absolutely  free  from 
bacteria.    The  best  way  of  calculating  the  number 
of  germs  in  air  is  to  pump  a  known  quantity  of 
it  through  a  soluble  filter,  which  is  then  dissolved 
in  sterilized  water  and  mixed  with  gelatine  to 
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form  a  plate  culture.  The  number  of  colonies 
which  appears  shows  the  number  of  germs  present 
in  the  air  examined.  One  of  the  best  materials 
to  use  as  a  soluble  filter  is  sulphate  of  soda,  dried 
and  placed  in  a  glass  tube  through  which  air 
is  drawn. 

OTHER  MICRO-ORGANISMS. 

Before  proceeding  to  study  the  bacteria  of  milk, 
the  chief  task  here  undertaken,  a  few  words  are 
necessary  on  certain  other  micro-organisms  which 
though  differing  from  bacteria  play  a  similar  part 
in  nature. 

i.  YeastS; — Yeast- plants  or  yeast  fungi  are 
micro-organisms  of  larger  size  than  bacteria, 
generally  of  ovoid  form  and  several  thousandths 
of  an  inch  in  diameter.  Their  protoplasm  is 
granular  and  contains  vacuoles,  i.e.  spaces  full 
of  fluid.  They  do  not,  like  bacteria,  multiply  by 
division  (fission),  but  by  budding  or  sprouting, 
that  is  to  say  they  give  rise  to  little  buds  or 
sprouts  which  gradually  grow  larger  and  ulti- 
mately break  away  from  the  mother  cell  (Fig.  i, 
k).  Sometimes,  especially  when  growing  upon 
solid  substances,  they  grow  into  slender  thread- 
like structures  (constituting  a  "mycelium",  as  in 
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the  moulds  spoken  of  below),  and  may  produce  spore- 
cases  (sporangia)  in  which  spores  are  developed. 
The  yeast  fungi  play  an  important  part  as  the 
agents  by  which  the  fermentation  of  wine  and 
beer  is  produced. 

2.  Moulds.— The  whitish  and  variously  coloured 
moulds  which  grow  upon  old  bread,  jam,  &c, 
are  familiar  to  everyone.    They  consist  of  minute 
fungi,  which  on  account  of  their  small  size  may 
be  classified  as  micro-organisms,  and  have  some 
affinity    with    bacteria.     They    belong   to  the 
subdivision    of    Cryptogams    (plants    which  do 
not   produce    seeds)   and  among  these  to  the 
extensive  group  of  Thallophytes,  which  includes 
plants  that  are  not  divided  into  stem  and  leaves 
but  possess  a  simple  plant-body  known  as  a  thallus. 
In  moulds  the  thallus  is  made  up  of  cells  devoid 
of  chlorophyll  but  consisting,  as  in  bacteria,  of  a 
membrane  and  protoplasm.  They  do  not  propagate 
by  splitting  (fission)  but  by  growth  in  length, 
leading  to  the  production  of  elongated  threads 
termed  hyphae.    These  branch  and  become  en- 
tangled together  in  a  thick  feltwork  known  as  a 
mycelium.    Some  of  these  hyphae  are  fertile 
and  bear  fruit  or  spores,  also  known  as  conidia. 
A  very  large  number  of  genera  and  species  of 
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mould  are  known,  among  which  the  following 
may  be  mentioned. 

(a)  Penicillium  (fig,  i,  /)  receives  its  name 
(Latin  for  painters  brush)  from  the  shape  of  its 
fertile  hyphae,  which  fork  repeatedly  so  as  to 
end  in  a  tuft  of  short  stalks  (basidia)  at  the  tips 
of  which  chains  of  spores  are  developed.  One 
species,  Penicillium  glaucum,  a  familiar  green 
mould,  is  found  for  example  on  Roquefort  cheese, 
in  the  maturing  of  which  it  plays  an  important 
part.  The  green  vein-like  markings  seen  in  this 
kind  of  cheese  consist  of  masses  of  the  mould. 

(b)  Aspergillus  (fig.  i,  m).  Blue  Mould.  In 
this  case  the  ends  of  the  unbranched  fertile 
hyphae  are  swollen  up  like  a  club,  and  from 
each  of  them  a  number  of  small  flask-shaped 
structures  (sterigmata)  project,  upon  which  the 
spores  are  borne. 

(c)  Mucor  (fig.  1,  11).  White  mould.— Each  of 
the  fertile  hyphae  ends  in  a  rounded  spore-case 
or  sporangium  (sp.).  When  this  is  ripe  it  bursts 
and  liberates  the  spores.  (II=magnified  spo- 
rangium with  spores. 

(d)  Oidium  (fig.  i,  0).  This  mould  develops  a 
mycelium,  the  hypha-  of  which  break  up  into  short 
joints.  Oi:dium  lactis  is  frequently  met  with  in  milk. 


THE  BACTERIA  OF  MILK  AND  THEIR 
PROPAGATION. 

It  follows  from  what  has  already  been  stated 
that  bacteria  find  milk  to  be  an  excellent  nutritive 
substratum,  since  it  contains  in  the  most  suitable 
form  all  the  food-stuffs  which  they  require.    It  is 
therefore  not  astonishing  that  when  a  drop  of  milk 
is  submitted  to  examination  it  is  usually  found 
to  contain  a  large  number  of  bacteria.    When  in 
the  udder,  however,  milk  is  free  from  bacteria, 
except  when  the  milk  glands  are  in  a  diseased 
condition,  as  the  result,  for  example,  of  tubercu- 
losis or  of  inflammation.    In  such  cases  the  milk  as 
it  leaves  the  udder  will  contain  tubercle  bacilli 
or  the  bacteria  which  set  up  inflammation.  But 
these  cases  excepted,  it  is,  to  begin  with,  free  from 
germs,  a  fact  demonstrated  by  Pasteur,  and  one 
the  truth  of  which  can  easily  be  made  evident  by 
drawing  milk  direct  from  the  udder  with  the  aid 
of  a  sterilized  cannula  (small  tube).    If,  on  the  other 
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hand,  milk  obtained  in  the  ordinary  way  is  sub- 
mitted to  examination  it  will  be  found  as  a  regular 
thing  to  contain  very  numerous  bacteria.  In  Berne 
I  have  found  on  an  average  160 — 320,000  bacteria 
per  cubic  inch  in  fresh  milk,  while  Cnop/'m  Munich 
estimates  the  number  at  960,000  to  1,600,000  per 
cubic  inch,  i.e.,  33  to  56  millions  per  pint!  Whence 
come  these  bacteria?  the  answer  is  easy  if  the 
conditions  under  which  milking  takes  place  are 
carefully  considered.  To  begin  with,  the  bellies  and 
udders  of  the  cows  are  soiled  with  dung,  which 
is  well  known  to  harbour  innumerable  bacteria, 
and  fragments  of  which  fall  into  the  milk.  Again, 
the  hands  of  the  milker  are  usually  not  too 
clean  and  therefore  introduce  numerous  germs, 
while  the  milk  pails  or  cans  are  in  many  cases 
washed  with  water  rich  in  bacteria,  and  the  air 
of  the  cowhouse  contains  a  large  number  of  them. 
To  this  must  be  added  that  the  first  half  gill  or 
so  of  milk  obtained  is  always  rich  in  micro- 
organisms, since  after  milking  a  little  milk  remains 
in  the  lower  part  of  the  teat,  where  it  is  not 
completely  shut  off  from  the  exterior  and  is 
in  consequence  easily  infected,  so  that  a  rich 
crop  of  bacteria  is  produced  in  it  by  the  next 
milking-time.     How  much   this   helps   to  con- 
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taminate  milk  has  been  shown  by  the  obser- 
vations of  Dr.   Schultz,  from  which  it  appears 
that  the  first-drawn  milk  contains  some  1,360,000 
germs  per  cubic  inch  while  the  last  is  sterile,  i.e., 
free   from   bacteria.    The   importance  of  clean 
hands  is  shown  by  an  experiment  in  which,  follow- 
ing a  recommendation  of  Professor  Guillebeau 
of  Berne,  the  hands  of  the  milker  were  greased 
so  as  to  prevent  impurities  from  rubbing  off. 
In  this  experiment  the  milk  was  drawn  into  a 
sterilized  receptacle,  and  the  number  of  germs 
was  diminished  to  3,400  per  cubic  inch.    Since,  as 
will  be  seen  immediately,  it  is  bacteria  which 
make  it  difficult  to  preserve  milk,  greater  clean- 
liness and  care  in  milking  would  result  in  the 
production   of  an  article  with  much  improved 
keeping  properties.    With  this  object  in  view  the 
hands  of  the  milker  and  the  cows'  udders  may 
with  advantage  be  washed  in  lukewarm  water, 
while  the  vessels  for  holding  the  milk  should  be 
kept  as  clean  as  possible,  and  greater  cleanliness 
be  maintained  in  the  cowhouse. 

Let  us  now  see  what  comes  of  these  bacteria 
which  are  regularly  present  in  milk.  As  they 
find  in  this  liquid  an  abundance'  of  excellent  food 
it  is  clear  that  they  will  multiply  freely,  and  the 
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more  favourable  the  temperature  the  more  rapidly 
will  this  take  place.  Some  instances  taken  from 
experiments  conducted  by  me  here  in  Berne,  will 
make  this  clear. 

A  sample  of  milk  containing  153,000  bacteria 
per  cubic  inch  was  kept  at  a  temperature  of  590  F. 

1  hr.    after  it  contained  539,75° 


2  hrs. 

4  » 

7  .. 

9  ,, 
25 


616,250 
680,000 
1,020,000 
2,040,000 
85,000,000 


bacteria 
per  cu.  inch. 


Samples  of  another  milk,  containing  a  short 
time  after  it  was  taken  from  the  cow  391,000  bac- 
teria per  cubic  inch,  were  kept  at  temperatures  of 
770  F.  and  95 0  F.  The  following  table  shows  the 
rate  of  increase  of  bacteria  in  the  two  cases. 


at  770  F. 

2  hrs.  after  (plate  liquefied 

at  time  of  examn). 
6    „      „  14,620,000 
36,550,000 
24    „      „  13,702,000,000 


at  95°  F. 
1,275,000 

45,900,000 
57,800,000 
13,812,500,000 


bacteria 
per  cu.  inch. 


These  figures,  to  which  if  space  allowed  I  could 
add  many  others,  sufficiently  prove  the  influence 
of  temperature.  The  lesson  may  be  drawn  from 
them  that  new  milk  must  be  kept  as  cool  as  possible, 
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so  as  to  prevent  a  too  rapid  increase  of  bacteria, 
since,  as  will  presently  be  seen,  they  are  the  chief 
cause  of  the  changes  which  take  place  in  milk. 

NATURE  AND  ACTION  OF  THE  BACTERIA 
FOUND  IN  MILK. 

We  have  noted  the  presence  of  bacteria  in 
milk  as  well  as  facts  relating  to  their  multiplica- 
tion, and  it  now  remains  to  consider  what  these 
bacteria  are  and  what  part  they  play. 

The  bacteria  met  with  in  milk  can  be  classed 
in  two  chief  groups. 

There  are,  in  the  first  place,  those  which  may 
be  regarded  as  the  constant  or  at  least  very 
frequent  inhabitants  of  milk.  Just  as  there  are 
animals  which  are  only  found  in  certain  regions 
or  particular  climates,  so  are  there  bacteria  which 
in  the  course  of  centuries  have  become  so  accus- 
tomed to  live  in  milk  that  they  are  almost 
constantly  met  with  in  the  various  dairy  products. 
These  kinds  are  naturally  of  most  interest  in 
dairying,  as  it  is  they  which  are  the  cause  of  most 
of  the  alterations  taking  place  in  milk. 

There  are,  on  the  other  hand,  a  large  number 
of  bacteria  which  though  frequently  met  with  in 
milk  can  only  be  considered  as  accidental  guests. 
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-These  are  of  less  importance  in  dairying.  There 
is  always,  however,  the  possibility  of  such  kinds 
getting  into  milk  and,  finding  it  a  congenial 
soil,  undergoing  multiplication  with  production 
of  poisonous  substances.  Cases  are  therefore 
known,  especially  in  America,  where  cream, 
cheese,  &c,  have  led  to  poisoning.  It  is  there- 
fore well  to  shield  milk  from  the  action  of  all 
bacteria.  When  the  casually  occurring  bacteria 
belong  to  the  pathogenic  (disease-producing)  group 
of  microbes  they  have  a  very  special  interest 
both  for  producer  and  consumer,  as  in  such  cases 
the  milk  is  a  means  of  spreading  various  diseases. 
Bacteria  of  this  kind  are  so  important  that  they 
may  well  serve  as  the  subject  of  a  special  section. 

I.    PATHOGENIC  MILK  BACTERIA. 

1.  Bacillus  of  tuberculosis.— It  is  but  rarely 
that  tubercle  bacilli  get  into  the  milk  after  it  has 
been  drawn  from  the  udder,  but  this  may  happen, 
as,  for  instance,  when  it  is  contaminated  by  the 
expectorations  from  diseased  lungs  or  by  other 
matters  containing  the  bacilli.  When  this  bacillus 
is  met  with  in  milk  it  is  generally  owing  to 
tubercular  disease  of  the  milk-glands  so  that 
infection  takes  place  before  the  milk  leaves  the 
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udder.    It  is,  however,  also  found  in  cases  of  cows 
affected  with  tuberculosis,  where,  notwithstanding, 
the  udder  appears  to  be  sound.    As  to  its  frequency 
in  milk,  accounts  differ  according  as  the  observations 
have  been  made  in  regions  where  tuberculosis 
(consumption  of  cattle)  is  more  or  less  common. 
According  to  Hirschberger,  for  example,  10  per 
cent  of  the  cows  living  in  the  neighbourhood  of 
towns,  where  they  are  not  generally  treated  in  a 
very  rational  way,  suffer  from  tuberculosis,  and 
50  per  cent  of  these  yield  milk  containing  tubercle 
bacilli.     According  to  this  5   per  cent  of  the 
samples  of  town  milk  contain  these  microbes. 
That  the  bacilli  so  found  are  virulent,  i.e.,  able 
to  cause  disease,  has  been  proved  by  subjecting 
suitable  domestic  animals  to  hypodermic  inoculation 
(injection  of  infected  milk  under  the  skin),  and 
by  feeding  such  animals  with  infected  milk.  In 
both  cases  the  animals  experimented  upon  contracted 
the  disease.    It  must  be  remembered  that  in  the 
case    of   tuberculosis,    as  with  other  infectious 
diseases,  the  number  of  bacilli  introduced  into  the 
body  is  of  importance,  for  infection  takes  place 
more  readily  when  this  is  large.    In  practice,  the 
chances  of  infection  are  consequently  diminished 
by  the  fact  that  milk  from  a  number  of  cows  is 
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generally  mixed  together  before  sale  in  the  market, 
so  that  any  infected  samples  are  diluted.  This 
dilution,  however,  as  recent  experiments  have 
shown,  only  reduces  the  risk  of  infection,  and  does 
not  do  away  with  it  altogether.  In  Copenhagen, 
for  example,  4  out  of  28  samples  of  mixed  milk, 
i.e.,  \  of  them,  proved  virulent  when  injected 
under  the  skin.  Two  of  these  samples  came  from 
dairies  where  from  20  to  30  cows  were  kept,  and 
in  each  case  there  was  only  one  cow  suspected 
of  being  tuberculous.  The  remaining  two  of  the 
infected  samples  were  more  virulent,  and  these 
came  from  dairies  where  there  were  not  only 
suspected  cows  but  also  cases  where  the  udders 
were  visibly  tuberculous.  Although  tuberculous 
milk  when  consumed  does  not  necessarily  cause 
disease,  since  a  certain  predisposition,  or  weakness 
of  the  digestive  organs,  may  be  necessary  for 
infection,  or  the  bacteria  may  not  be  present  in 
large  enough  numbers,  such  milk  is,  nevertheless, 
a  grave  source  of  danger  to  health,  and  many 
instances  can  be  quoted  where  the  appearance  of 
consumption  in  children  is  traceable  to  no  other 
cause.  Thus  Brouardel  cites  a  case  where  5  out 
of  14  young  girls  living  together  in  a  boarding- 
house  became  consumptive,   subsequent  to  the 
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daily  use  in  the  establishment  of  milk  from  a 
tuberculous  cow. 

The  tubercle  bacilli  can  remain  alive  for  a  long 
time  in  dairy  product.  Gasperini,  after  adding 
some  of  them  to  potted  butter,  found  them  still 
living  after  120  days,  while  Galtier  under  similar 
circumstances  found  them  still  living  in  cheese 
after  a  lapse  of  35  days.  After  a  month,  however, 
they  appear  to  be  attenuated,  so  that  their 
presence  in  cheese  does  not  seem  to  be  a  great 
source  of  danger,  especially  as  this  kind  of 
dairy  produce  is  not  usually  consumed  till  several 
months  after  it  has  been  made.  The  facts  that 
have  been  mentioned  justify  the  advice  given  by 
anthorities  on  health  to  boil  milk  before  using  it 
as  food,  with  the  object  of  destroying  any  tubercle 
bacilli  that  may  happen  to  be  present.  The  best 
plan,  however,  would  be  never  to  employ  tuberculous 
cows  for  the  production  of  milk. 

2.  Typhus.— As  far  back  as  1870  a  local 
epidemic  of  typhus,  which  broke  out  at  Islington, 
was  traced  with  tolerable  certainty  to  the  use  of 
a  particular  sort  of  milk.  In  fact  the  only  persons 
who  contracted  the  disease  were  those  supplied 
with  milk  from  a  dairy  where  a  case  of  typhus 
had  previously  appeared.    Since  this  many  cases 
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of  a  similar  connection  have  been  proved.  Thus 
Jaccoud,  in  France,  cites  106  cases  of  typhus,  in 
17  of  which  milk  was  the  means  of  infection, 
and  Hart,  in  England,  has  proved  that  out  of 
50  typhus  epidemics  28  were  due  to  infected 
milk.  It  is  not  difficult  to  explain  how,  in  such 
a  case,  typhus  germs  get  into  the  milk.  Excre- 
mentitious  matters  are  often  able  to  filter  through 
from  dry  closets  into  wells  or  brooks,  and  if  there 
are  cases  of  typhus  in  the  house  the  water  is  then 
contaminated  with  typhus  bacilli,  large  numbers 
of  which  are  found  in  the  dejecta  of  persons 
suffering  from  the  disease.  This  leads  to  infection 
of  the  milk  if  the  milk-cans,  &c,  are  washed  in 
the  contaminated  water.  A  more  direct  trans- 
mission becomes  possible  if  the  persons  who  nurse 
the  sick  also  help  in  the  dairy.  As  to  the  length 
of  time  for  which  the  typhus  bacillus  can  live  in 
dairy  products,  Laser  has  proved  that  this  may 
be  5  to  7  days  in  the  case  of  butter. 

3.  Cholera. — The  bacillus  of  cholera,  like  that 
of  typhus,  is  able  to  contaminate  milk.  In  boiled 
milk  this  micro-organism  is  able  to  multiply 
abundantly.  It  appears,  on  the  contrary,  according 
to  the  researches  of  Cunningham,  that  in  unboiled 
milk  it  is  overpowered  within  24  hours,  by  the 
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ordinary  milk  bacteria,  being  killed  by  the  acid 
produced.  A  case  is  known,  however,  where  all 
the  sailors  on  board  a  ship  sickened  with  cholera, 
after  drinking  milk  which  had  been  mixed  with 
water  contaminated  by  choleraic  dejecta.  It  has 
also  been  shown  by  Laser  that  cholera  bacilli  can 
live  in  butter  for  4  or  5  days. 

In  the  case  of  cheese  the  cholera  bacilli  do  not 
appear  to  be  a  source  of  danger.    In  fact,  Weig- 
mann  inoculated  skim  milk  with  cholera  bacilli  in 
such  a  way  that  the  proportion  between  their 
number  and  that  of  the  ordinary  milk  bacteria 
present  was  3  to  5.    The  milk  was  then  used  to 
make  small  Limburg  cheeses,  in  which  none  of 
the  cholera  bacilli  could  be  found  alive  after  a 
lapse  of  22  hours,  except  in  a  single  instance. 
As  such  cheeses  are  not  sold  till  a  much  longer 
time  than  this  has  elapsed,  it  is  impossible  for 
them  to  propagate  cholera.    Nor  is  danger  to  be 
apprehended  from  cheeses  which  are  eaten  when 
new,  for  these  are  made  from  sour  milk,  in  which 
the  cholera  bacilli  quickly  die.    Heim  inoculated 
if  ounces  of  curd  with  an  entire  colony  of  cholera 
bacilli  grown  upon  agar,  and  after  26  hours  could 
not  find  a  single  living  bacillus. 

4.    Other  pathogenic  bacteria. -  Diphtheria 


DAIRY  BACTERIOLOGY  47 

and  scarlet  fever  seem  to  have  been  spread  by- 
infected  milk  in  a  number  of  cases.  According 
to  Dr.  Hart  14  epidemics  of  scarlet  fever  and  7 
of  diphtheria  have  been  traced  to  this  source  in 
England.  The  microbe  of  scarlet  fever  has,  how- 
ever, not  yet  been  recognized,  so  that  in  this  case 
there  has  not  been  strict  proof,  though  the  view- 
taken  may  be  regarded  as  probable.  Again, 
many  cases  can  be  quoted  where  the  use  of  a 
particular  kind  of  milk  has  been  followed  by 
intestinal  derangements  undoubtedly  due  to  the 
action  of  special  bacteria.  Diseases  of  animals, 
such  as  pleuropneumonia,  foot  and  mouth  disease, 
&c,  can  also  be  spread  by  means  of  milk.  In 
any  case  the  facts  which  have  been  adduced 
prove  sufficiently  that  milk  may  be  the  means 
of  transmitting  numerous  diseases  when  it  con- 
tains their  germs.  This  question  is  of  importance, 
not  only  in  reference  to  the  public  health,  but 
also  on  account  of  the  injury  it  may  inflict  on 
dairy  associations.  If,  for  example,  the  milk  of 
a  particular  dairy  were  proved  to  disseminate 
typhus  the  result  would  certainly  be  to  stop  the 
sale  till  the  source  of  contamination  were  found 
and  removed.  This  would  often  take  a  consider- 
able time,  and  the  consequent  interference  with 
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the  business  of  the  dairy  would  involve  large 
pecuniary  loss  for  those  interested.  Too  much 
care  cannot  then  be  taken  in  order  to  prevent 
the  infection  of  milk  by  pathogenic  bacteria. 

II.     ORDINARY  MILK  BACTERIA. 

We  now  pass  on  to  bacteria  of  which  milk  is 
the  usual  habitat,  and  which  can  therefore  be 
considered  as  true  or  normal  milk  bacteria.  It 
is  these  which  possess  a  special  interest  for  us 
since  they  bring  about  numerous  alterations  and 
decompositions  in  milk,  of  which  some  are  useful 
and  others  harmful  for  dairying  purposes.  Thus, 
for  example,  certain  dairy  products,  such  as  cheese, 
soured  milk,  ripened  cream,  and  other  things,  are 
the  result  of  fermentative  processes  caused  by 
bacteria.  Such  microbes  should,  therefore,  be  the 
objects  of  our  care  and  protection,  as  in  the  case 
of  yeasts  to  which  we  owe  the  fermentation  of 
wine  and  beer. 

The  ordinary  bacteria  of  milk  are  classified 
according  to  the  effects  which  they  produce  in  milk. 
The  following  groups  may  be  specially  mentioned. 

r.  Lactic  Ferments.— If  some  fresh  milk  is 
left  to  stand,  it  will  be  found  curdled  after  from 
2  to  4  days,  and  will  at  the  same  time  have 
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acquired  an  acid  reaction.  This  curdling  is  the 
work  of  lactic  ferments  or  bacteria.  There  are, 
in  fact,  not  one  species  only  but  quite  a  number 
of  bacteria  which  possess  the  power  of  setting 
up  fermentation  of  milk-sugar,  i.e.,  of  causing 
it  to  split  up  into  carbonic  acid  and  lactic  acid. 
It  is  well  known  that  a  certain  degree  of  acidity 
in  milk  makes  it  curdle,  as  when,  for  example, 
acetic  acid  or  lactic  acid  is  added  to  it.  In 
consequence  of  this  the  lactic  acid  formed  in 
milk  by  the  action  of  bacteria  causes  curdling  as 
soon  as  enough  of  it  is  produced.  Lactic  bacteria 
are  classified  as  specific,  the  usual  cause  of  the 
souring  of  milk,  and  facultative,  i.e.,  those  which 
are  not  usually  found  in  sour  milk  but  can  set 
up  lactic  fermentation  when  sterile  milk  is  inoculated 
with  them.  The  latter  are,  therefore,  not  to  be 
reckoned  as  true  lactic  bacteria,  but  belong  to 
the  group  of  those  bacteria  which  get  into  milk 
accidentally.  They  consequently  possess  no  further 
practical  interest  for  us  and  need  not  be  considered 
any  more. 

Among  the  chief  representatives  of  lactic  bacteria 
the  lactic  bacillus  of  Hueppc  is  generally  mentioned, 
which  was  made  the  subject  of  a  careful  investiga- 
tion by  this  scientist.    In  shape  this  bacillus  is  a 
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short  thick  rodlet  of  from  of  an  inch  long 

to  if  that  length,  and  of  an  inch  thick  or 

rather  less.   It  grows  at  temperatures  between  500  F. 
and  1 130  F.,  most  rapidly  at  95 0  F.  Introduced 
into  sterile  milk  it  produces  uniform  curdling 
within  15  hours,  at  a  temperature  of  77 0  F.  to 
86°  F.,  as  a  consequence  of  which  the  milk  loses 
its  fluid  character.    The  curdling  produced  by  its 
action  is  not  followed  by  liquefaction.  Indeed, 
it  may  be  stated  as  a  general  rule  for  normal  lactic 
bacteria  that  they  do  not  possess  the  power  of 
liquefying  curdled  milk,  and  rarely  liquefy  gelatine. 
It  is  true  that  in  practice  curdled  milk  often 
becomes  fluid  again,  acquiring  at  the  same  time 
an  unpleasant  smell  and  taste,  but  this  is  the 
work  of  other  bacteria  which  develop  later  and 
which  will  be  spoken  of  in  the  sequel. 

Among  lactic  bacteria  we  may  further  mention 
the  lactic  bacillus  of  Grotenfelt,  which  produces 
alcohol  as  well  as  lactic  acid  and  carbonic  acid; 
Grotenfelt' s  lactic  bacterium,1  Hueppe's  1st  and 
2nd  lactic  micrococcus,2  Marpmann's  lactic  micro- 
coccus, lactic  sphaerococcus,  and  lactic  bacterium,3 

>  Bacterium  acidi  lactici,  Grotenfelt.  9  Micrococcus  lactis, 
I  and  II,  Hueppe.  8  Micrococcus  acidi  lactici,- Sphaerococcus 
acidi  lactici,  and  Bacterium  Umbatum  acidi  lactici,  Marpmann. 
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Krueger's  lactic  micrococcus,1  which  liquefies 
gelatine,  and  Grotenfelt 's  lactic  streptococcus.2 
This  by  no  means  exhausts  the  list  of  lactic 
bacteria,  and  new  kinds  will  certainly  yet  be  dis- 
covered. In  Emmenthal  cheese,  for  example,  I 
have  discovered  lactic  bacilli  and  micrococci  which 
have  not  yet  been  described. 

Lactic  bacteria  do  not  as  a  rule  develop  spores, 
and  are  not,  therefore,  very  resistant  to  heat,  a 
temperature  of  about  1580  F.  generally  killing 
them.  These  species  are  also  troublesome  because 
they  are  one  of  the  chief  difficulties  in  the  way 
of  preserving  milk,  since  they  are  the  cause  of 
spontaneous  curdling ;  or  even  if  they  have  not 
brought  this  about  they  may  have  made  the  milk 
so  acid  that  it  will  not  stand  boiling  without  the 
formation  of  light  flocks,  an  occurrence  only  too 
well  known  to  all  housewives.  Sometimes,  on 
the  other  hand,  these  lactic  bacteria  are  useful, 
as  in  cases  where  milk  needs  to  be  acid  to  some 
extent  before  it  is  used.  Thus,  in  France  and 
Germany  almost  all  butter  is  made  from  slightly 
sour  cream,  as  is  also  the  case  with  Swiss  butter 
intended  for  exportation  (especially  to  Paris),  since 

1  Micrococcus  acidi  lactici,  Krueger.  ■  Streptococcus  acidi 
lactici,  Grotenfelt. 
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it  keeps  much  longer  and  suits  better  the  taste 
of  the  consumers.    The  method  is  well  known. 
A  small  quantity  of  slightly  sour  milk  is  added 
to  the  cream,  which  is  then  allowed  to  stand  till 
the  following  day.    The  cream  is  then  slightly 
sour  and  ready  for  churning.    In  order  to  have 
every  day  the  proper  quantity  of  sour  milk  in 
the  right  state  to  act  as  a  'starter,'  it  is  neces- 
sary each  time  to  add  from  2  to  4  pints  of  it  to 
fresh  or,  still  better,  pasteurized  milk  or  skim  milk 
(pasteurization    will   be  treated  of  later).  This 
milk  will  be  just  in  the  right  state  to  add  to  the 
cream  on  the  following  day.    In  order  that  the 
butter  should  be  good  this  ripening  of  the  cream 
must  be  perfectly  normal,  and  since  bacteria 
cause  it  everything  depends  upon  their  nature. 
If,  for  example,  the  milk  added  to  the  cream  in 
order  to  ripen  it  should  happen  to  contain  some 
of  the  bacteria  which  produce  evil-smelling  sub- 
stances in  milk,  the  cream  will  acquire  a  dis- 
agreeable odour  and  a  bad  taste.    It  is,  therefore, 
necessary  to  take  care  that  the  milk  employed 
for  this  particular  purpose  contains  only  bacteria 
which  produce  proper  ripening  and  an  agreeable 
aroma.     Weigmann  of  Kiel  has  succeeded  in 
finding  such  a  microbe,  and  by  ripening  cream 
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with  pure  cultures  of  it  has  prepared  butter  of 
excellent  quality.  The  method  employed  is  the 
same  as  before,  except  that  the  cream  is  ripened 
with  milk  rendered  acid  by  sowing  a  pure  culture 
in  it  instead  of  with  milk  which  has  turned  sour 
of  itself.  According  to  Weigmann  it  is  best  to 
pasteurize  the  milk  (or  skim-milk)  used,  as  the 
bacteria  added  might  otherwise  be  overpowered 
by  other  kinds  already  present.  By  thus  provid- 
ing in  each  occasion  for  a  supply  of  sour  milk 
with  which  to  inoculate  the  cream  of  the  follow- 
ing day  it  is  possible  to  obtain  a  product  of 
uniformly  good  quality.  Weigmann' s  microbe  (a 
micrococcus),  however,  is  not  the  only  species 
capable  of  setting  up  normal  lactic  fermentation 
in  cream,  and  others  are  sure  to  be  discovered 
which  will  suit  still  better  the  tastes  of  different 
countries  and  towns.  We  have  an  instance  here, 
therefore,  of  a  useful  part  played  by  bacteria  in 
dairying,  and  of  the  way  in  which  they  can  be 
employed  for  this  end. 

Unfortunately  the  contrary  is  often  true,  for 
there  are  other  lactic  bacteria  which  are  able  to 
exert  a  harmful  action,  especially  as  regards  the 
manufacture  of  cheese.  The  kinds  referred  to  are 
those  which  split  up  milk-sugar  with  so  much 
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energy  that  gas  is  produced  with  great  rapidity. 
If,  for  example,  a  decoction  of  sugar  is  inoculated 
with  one  of  these  bacteria  and  kept  at  a  temperature 
of  95°  F.  bubbles  will  already  be  seen  to  rise  in 
6  or  7  hours,  especially  when  the  flask  is  shaken. 
It  is  easy  to  understand  that  when  large  numbers 
of  such  bacteria  are  present  in  cheese  the  gases 
produced  will  cause  it  to  'heave'  and  lead  to 
the  production  of  abnormally  large  holes. 

Figure  2  makes  this  clear.    Here  one  of  the 


™a.  Cheese  prepared  from  milk  pre- 
\iously  inoculated  with  one  of  the 
bacteria  which  cause  heaving.  Three 
days  old. 


b.  Control  cheese. 


Section  through  a. 


Fig.  2. 


Section  through  b. 


trial-cheeses,  made  from  17  pints  of  milk  is  still 
normal;  the  second,  to  the  curd  of  which  a  culture 
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of  these  bacteria  was  added,  is  considerably  swollen 
after  only  three  days.  This  group  of  bacteria 
undoubtedly  includes  a  large  number  of  forms,  of 
which  only  a  small  part  have  as  yet  been  care- 
fully studied.  In  Switzerland  I  have  most  frequently 
found  in  cavernous  cheeses  the  micro-organism 
to  which  I  have  given  the  name  Sckaffler'sb&cillus. 1 
I  also  found  it  in  the  cheeses  called  "  thousand 
holed,"  and  by  means  of  cultures  of  it  produced 
this  porous  appearance  as  well  as  the  cavernous 
structure  alluded  to.  In  fact  I  observed  that 
when  the  bacteria  are  scattered  here  and  there  in 
heaps  large  cavities  are  produced  like  those  of 
cavernous  cheese,  while  when  they  are  very 
numerous  and  evenly  distributed,  innumerable 
small  holes  are  produced  at  almost  every  part  of 
the  cheese.  These  holes  are  so  near  together  that 
they  cannot  become  bigger.  This  is  a  similar 
thing  to  what  is  seen  when  gelatine  plates  are 
sown  with  too  many  germs,  so  that  the  colonies 
remain  very  small,  while  in  plates  less  thickly 
sown  they  are  able  to  extend.  This  bacillus 
appears  to  be  very  widely  distributed  and  I  have 
found  it  among  other  places  upon  potatoes.  It 

1  Bacillus  Schafleri.  Landw.  Jahrbuch  der  Schweiz,  1890,. 
II,  p.  17. 
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is,  therefore,  better  to  avoid  the  widely-spread 
continental  practice  of  smearing  the  hands  with 
potato  broth  before  milking,  for  in  this  manner 
the  unbidden  guest  may  be  brought  into  the  milk. 
Dr.  S chaffer,  the  cantonal  chemist  at  Berne,  has 
already  in  addressing  popular  meetings  spoken 
against  this  dirty  habit,  and  I  have  therefore  given 
his  name  to  the  bacillus.  The  potato  broth  may 
with  advantage  be  replaced  by  lard.1 

Schaffer's  bacillus  is  undoubtedly  related  to  a 
kind  of  bacterium  [Bacterium  coli  commune) 
always  found  in  the  intestine,  and  it  is  therefore 
advisable  to  take  the  greatest  care  lest  the  milk 
should  be  contaminated  by  cow-dung  during 
milking. 

Certain  other  gas-producing  lactic  bacteria  are 
also  responsible  for  inflammation  of  the  udder, 
and  this  is  of  interest  in  reference  to  dairying 
since  milk  from  cows  thus  affected  is  not  fit  for 
cheese-making,  owing  to  the  presence  of  these 
bacteria.  If,  therefore,  cheeses  begin  to  develop 
a  cavernous  structure  it  is  necessary  to  have  the 
cows  from  which  the  milk  is  obtained  carefully 
examined  by  a  veterinary  surgeon.  Among  such 
bacteria  are  to  be  reckoned  three  sorts  of  bacillus 
1  Compare  p.  38. 
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[Bacillus  Guillebeait,  a,  b,  and  c.)  found  by  Prof. 
Guillebeau  in  cases  of  inflamed  udder,  and  which 
I  have  proved  to  possess  the  power  of  causing 
well-marked  cavernous  structure  in  cheeses  in- 
oculated with  them. 

We  must  also  add  to  the  list  two  species  of 
micrococcus  discovered  by  Adametz  at  Sornthal, 
where  they  produced  cavernous  structure  in  cheese 
and  were  also  considered  by  him  to  cause  inflamed 
udder.  Several  kinds  of  micrococcus  and  strepto- 
coccus {Adametz,  Mace,  Hueppe)  met  with  in 
cases  of  the  same  complaint  must  further  be 
mentioned.  The  experimental  proof  of  their  power 
to  produce  cavernous  structure  in  cheese  is  not 
yet  complete,  but  this  is  probably  the  case,  for 
when  sown  in  milk  they  generally  set  up  active 
fermentation. 

This,  however,  by  no  means  completes  the  list 
of  bacteria  which  can  cause  cavernous  structure 
in  cheese.  Besides  those  already  mentioned  as 
possessing  the  power  of  splitting  up  milk-sugar 
into  lactic  acid  and  carbonic  acid,  there  are  a 
series  of  bacteria  which  by  the  decompositions 
which  they  set  up  give  rise  to  large  quantities 
of  other  gases,  for  example,  hydrogen.  If  this 
production  is  very  energetic  cavernous  structure 
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will  result,  for  which  reason  these  bacteria  are 
mentioned  here  though  they  do  not  belong  to 
the  lactic  ferments.  Thus,  for  example,  Weig- 
mann  discovered  and  studied  two  kinds  of  milk 
bacillus  which  he  found  produced  holes  as  large 
as  pigeons'  eggs  in  small  trial  cheeses.  To  these 
must  be  added  a  bacillus  {Bacillus  actinobacter 
polymorphus)  described  by  Duclaux,  and  other 
bacilli  which  the  same  observer  found  in  soft 
cheeses. 

Lastly,  certain  yeasts  are  able  to  set  up  fer- 
mentation in  curd,  but  this  probably  concerns 
soft  cheese  only,  as  hard  cheese  would  not  be 
a  o-ood  soil  for  them.  Later  on  we  shall  study 
some  of  these  yeasts. 

2.  Ferments  of  Casein.— The  members  of  this 
second  and  very  numerous  group  of  bacteria  are 
also  able  to  curdle  milk,  not,  however,  by  producing 
lactic  acid  but  by  formation  of  a  rennet-like 
ferment.  When  these  bacteria  are  cultivated  in 
broth,  for  example,  and  this  is  afterwards  freed 
from  germs  by  being  passed  through  a  porcelain 
filter  it  curdles  milk  as  rennet  does.  One  microbe 
of  this  kind  {Tyrothrix  tenuis)  cultivated  by 
Dice  latex  in  milk,  at  a  temperature  of  98^°  F., 
was  able  to  curdle  thirty  times  its  own  weight  of 
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milk  in  n  minutes,  and  120  times  its  own  weight 
in  2  hours.  Conn  also  succeeded  in  preparing 
from  cultures  of  another  species  of  the  sort  a 
ferment,  in  the  form  of  a  powder,  which  acts  like 
rennet.  These  bacteria  also  possess  the  power 
of  redissolving,  by  means  of  a  second  ferment, 
the  milk  which  they  have  curdled.  This  ferment 
has  been  called  casease  by  Ditclaux,  and  it  probably 
plays  an  important  part  in  the  ripening  of  cheese, 
since  the  characteristic  changes  which  the  casein 
undergoes  during  this  process  are  to  be  ascribed 
to  its  action.  These  changes  are  not  limited  to 
mere  curdling  with  subsequent  dissolving,  but 
involve  complex  decompositions  resulting  in  the 
production  of  various  substances,  such  as  peptone, 
leucin,  tyrosin,  ammonia,  butyric  acid,  &c. 1  Butyric 
acid  is  very  frequently  met  with  in  these  fermenta- 
tions, and  a  special  group  of  butyric  bacteria  has 
even  been  constituted.  Such  a  division,  however, 
is  scarcely  justifiable,  for  butyric  fermentation  is 
not  an  uniform  process.  Butyric  acid  is  rather  to 
be  regarded  as  a  residue  resulting  from  the 
breaking-down  of  casein  and  milk-sugar  in  various 
ways;  it  is  only,  in  fact,  like  leucin,  tyrosin,  and 

1  All  but  the  last  of  these  are  more  or  less  complex  nitro- 
genous compounds.  Tr. 
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ammonia,  the  final  product  of  diverse  kinds  of 
fermentation.    It  is,  therefore,  better,  in  accordance 
with  the  suggestion  of  Duclaux,  to  place  all  these 
various  microbes  in  a  common  group  of  casein 
ferments.   They  are  for  the  most  part  spore-forming 
bacilli,  and  often  possess  almost  incredible  powers 
of  resistance.     Thus,  for  example,  according  to 
Duclaux,  the  above-mentioned  Tyrothrix  tenuis 
can  stand  for  about  a  minute  a  moist  heat  of 
from  2390  F.  to  2480  F.    It  is  more  especially 
these  bacteria  which  make  it  so  difficult  to  com- 
pletely sterilize  milk,  as  will  be  seen  later.    It  is 
quite  impossible  to  describe  here  all  the  kinds 
which  make  up  this  group,  for  there  are  an  immense 
number  of  them,  most  of  which  have  not  yet 
been  studied.    The  best  known  are  those  found 
by  Duclaux  in  Cantal  cheese,  to  which  he  has 
given  the  name  of  Tyrothrix,  1  and  the  action 
of  which  on  milk  he  has  carefully  studied.  Then 
come  many  of  the  innumerable  host  of  hay  and 
potato-bacilli,  so  called  because  first  found  in  hay 
infusions  and  on  imperfectly  sterilized  slices  of 
potato,  but  which  are  no  other  than  some  of  the 
widely-distributed  microbes  that  everywhere  live 

1  Tyrothrix  tenuis,  filiformis,  distortus,  geniculatus,  turgidus, 
scaber,  virgula,  urocephalum,  claviformis,  catenula. 
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on  the  surface  of  the  soil.  Lastly  may  be  men- 
tioned the  bacilli  described  as  butyric  ferments 
by  various  authors. 

It  has  already  been  stated  that  according  to 
Duclaux,  these  bacteria  probably  play  a  leading 
part  in  the  ripening  of  cheese.  That  this  is 
actually  the  case  may  now  be  regarded  as  proved 
by  numerous  researches  which  have  been  conducted 
on  the  subject.  Thus  Dr.  S chaffer  and  Dr. 
Bondzynski  showed  some  years  ago  that  cheese 
made  from  boiled  milk,  and  therefore  free  from 
bacteria,  will  not  ripen.  Adametz  has  demon- 
strated the  same  thing  for  cheese  to  which  bacteria- 
killing  substances,  such  as  creolin  and  thymol 
have  been  added;  and,  lastly,  a  long  series  o 
experiments  conducted  by  myself  prove  that 
ripening  hardly  ever  takes  place  when  the  milk 
from  which  cheese  is  to  be  made  is  pasteurized, 
so  that  most  of  the  bacteria  present  are  destroyed 
[see  later  on).  From  this  it  undoubtedly  follows 
that  without  bacteria  there  can  be  no  ripening. 
But  it  is  still  an  open  question  whether  this  ripening 
process  simply  depends  on  the  above-mentioned 
casein  ferments,  or  upon  special  cheese-ripening 
bacteria  at  present  unknown  and  unstudied.  In 
favour  of  the  former  view  the  fact  may  be  men- 
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tioned  that  pure  cultures  of  the  bacteria  classed 
as  casein  ferments  contain  the  same  products  as 
those  formed  in  cheese  during  its  ripening  (leucin, 
tyrosin,  &c,) ;  in  support  of  the  latter  view  it  may- 
be stated  that  so  far,  at  any  rate,  we  have  not 
succeeded  in  hastening  or  improving  ripening  by 
adding  cultures  of  such  bacteria  to  cheese.  Further 
experiments,  which  I  have  just  made  for  the  purpose 
of  clearing  up  this  point  have  made  me  believe 
that  the  part  which  these  so-called  casein  ferments 
play   in  the  ripening  of  cheese  is  more  than 
doubtful.    I  have  shown  that  when  fresh  cheese 
is  inoculated  with  large  numbers  of  them  they 
disappear  very  rapidly,  and  in  fact  do  not  multiply 
at  all.    I  may  add  that  I  agree  in  this  point  with 
the  ideas  set  forth  by  F.  S.  Lloyd,  F.C.S.,  F.I.C., 
in    his    most    valuable    papers    on    the  manu- 
facture of  Cheddar  cheese  (Reports  for  1893,  Bath 
1893).    The  ripening  of  cheese  is  apparently  a 
very  complex  matter,  in  which  several  factors  co- 
operate. 

Lactic  bacteria  are  always  very  numerous  in 
cheese,  and  I  believe  play  a  sufficiently  important 
part  to  constitute  a  new  field  of  study. 

3.  Blue  Milk. — A  common  disease  of  milk 
consists  in  the  appearance  of  blue  patches  which 
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may  remain  limited  to  certain  spots  or  may  extend 
over  the  whole  surface.  According  to  the  tem- 
perature this  condition  is  produced  in  from  24  to 
72  hours.  Steinhoff  so  long  ago  as  1838,  and 
Fuchs  in  1841,  showed  that  this  disease  of  milk 
is  infectious,  while  the  latter  observer  proved  the 
presence  in  such  milk  of  a  special  microbe,  which, 
however,  he  did  not  succeed  in  cultivating  because 
the  methods  of  bacteriology  were  too  imperfect 
at  that  time. 

This  microbe,  the  blue  milk  bacillus  [Bacillus 
cyanogenus),  was  afterwards  specially  studied  by 
Neelsen,  Hueppe,  Heim  and  Gessard.    It  is  from 

"sttcdtt  to  Wmr  of  an  inch  lon§"  and  mnhnr  to  ^hrx* 
of  an  inch  thick,  and  performs  very  active  move- 
ments. It  does  not  liquefy  gelatine,  but  gives 
it  a  dark  colour.  The  production  of  a  blue 
colour  in  milk  by  means  of  this  microbe  is  depen- 
dent upon  certain  conditions,  which  furnish  a 
beautiful  example  of  what  is  known  as  mutualism 
(symbiosis  *)  of  bacteria,  i.e.,  the  production  in  cer- 
tain cases,  of  special  effects  entirely  dependent  on 

1  Mutualism  is  also  illustrated  by: — 1  The  swellings  or 
'tubercles'  in  the  roots  of  leguminous  plants.  These  contain 
bacteria  [Bacillus  radicicold)  which  fix  the  free  nitrogen  of  the  air. 
2  The  sheath  of  fungal  filaments  {Mycorhiza)  investing  many 
tree-roots.  Tr. 
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the  association  of  several  species.    If  for  example 
this  bacillus  is  sown  in  sterilized  milk,  the  latter 
does  not  become  blue,  but  only  dirty  grey.  The 
blue  patches  only  appear  in  unsterilized  milk,  for 
the  blue  colouring  matter  can  only  by  formed 
when  an  acid  is  present.    The  lactic  bacteria 
which  are  always  present  in  unsterilized  milk 
cause  formation  of  lactic  acid,  and  this  enables  the 
blue  milk  bacillus  to  produce  its  peculiar  pig- 
ment.   The  addition  of  acid  to  the  sterilized  milk 
does  not  answer  the  same  purpose;  in  that  case 
the  blue  milk  bacillus  does  not  grow,  for  it 
cannot  stand  an  excess  of  acid.    In  unsterilized 
milk  it  uses  up  the  acid  as  rapidly  as  it  is  pro- 
duced, so  that  this  does  not  accumulate,  and  the 
nutritive  medium  maintains  a  favourable  reaction. 
To  produce  blueness  in  sterilized  milk  it  is  neces- 
sary to  add  a  neutral  substance,  from  which  the 
bacillus  can  gradually  draw  the  necessary  acid, 
for  it  cannot  of  itself  split  up  the  milk-sugar. 
If,   for  example,  some  glucose,  (grape  sugar)  is 
added  it  ferments  with  production  of  acid,  and 
the  blue  colour  makes  its  appearance.    The  blue 
milk  bacillus  is  killed  by  exposure  for  one  minute 
to  a  temperature  of  17 6°  F.    It  is,  on  the  con- 
trary, very  resistant  to  10  per  cent  solution  of 
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carbonate  of  soda  and  5  per  cent  solution  of 
caustic  soda.    It  also  resists  drying  very  well. 

4.  Red  Milk.— Red  milk  may  also  be  due  to 
the  activity  of  bacteria.  I  say  'may',  because 
there  are  cases  in  which  redness  of  milk  is  brought 
about  by  other  causes.  It  may,  for  instance,  be 
caused  by  inflammation  of  the  udder,  as  a  result 
of  which  some  blood  is  mixed  with  the  milk. 
In  such  a  case  the  milk  is  red  at  the  time  of 
milking,  and  a  red  sediment  is  formed  when  it 
is  allowed  to  stand.  If,  on  the  other  hand, 
bacteria  are  the  cause  of  the  red  colour  this  only 
makes  its  appearance  later  on,  when  these  bac- 
teria, which  get  into  it  from  outside,  have  had 
time  to  multiply  and  produce  the  red  pigment. 

There  are  several  bacteria  which  possess  this 
power. 

(a.)  The  blood-red  bacillus  {Bacillus  prodi- 
giosus).  This  bacillus  leads  to  the  production  of 
red  patches  only  on  the  upper  surface  of  milk, 
the  rest  of  which  is  not  coloured.  It  is  a  short 
rodlet  which  does  not  possess  the  power  of 
movement.  It  produces  an  intense  red  colouring 
matter  upon  other  substances,  especially  slices  of 
potato.  A  rennet-like  ferment  is  also  produced 
by  it,  as  Gorini  has  shown.    It  liquefies  gelatine. 
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(b.)  Rose-red  sarcina  {Sarcina  rosea  of  Menge). 
Sown  in  sterilized  milk  this  microbe  multiplies  on 
the  surface,  and  imparts  to  the  cream  layer  a  red 
colour,  which  gradually  spreads  to  the  rest  of 
the  milk. 

(c.)  Brown-red  sarcina  {Sarcina  rosea  oiSchro- 
ter).  This  species  of  microbe  colours  milk  more 
of  a  brownish  red. 

(d.)  Red-milk  bacterium  {Bacterium  lactis 
erythrogenes).  This  was  isolated  by  Hucppe  from 
a  kind  of  red  milk.  Its  length  is  from  -^hm  to 
17iQ-g.  of  an  inch,  and  its  breadth  from  -^^^  to 
TO-^nr  of  an  inch.  Gelatine  is  liquefied  and  coloured 
red  by  it.  Sown  in  milk  it  throws  down  and 
peptonizes  the  casein,  the  reaction  remaining 
neutral.  The  cream-layer  is  not  coloured  red  but 
only  the  skim  milk  below  it.  The  red  pigment 
is  only  produced  when  the  cultures  are  made  in 
the  dark. 

5.  Yellow  Milk.— Several  sorts  of  bacteria 
can  produce  a  yellow  colour  in  milk.  The  best 
known  of  these  is  the  yellow-milk  bacillus 

{Bacillus  synxanthus,  Schroter).  This  micro- 
organism was  found  in  boiled  milk  which  had 
assumed  a  yellow  colour.  It  is  a  motile  rodlet, 
which  curdles  milk  by  means  of  a  rennet-like 
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ferment,  afterwards  redissolving  the  curd  and 
producing  a  yellow  pigment.  It  really  belongs 
therefore  to  the  group  of  casein  ferments,  and 
only  receives  special  mention  here  because  of  its 
power  of  producing  colouring  matter. 

According  to  my  experience  there  are  many 
bacteria,  especially  those  of  putrefaction,  which 
can  colour  milk  yellow.  But  this  rarely  appears 
in  practice,  for  milk  is  not  generally  kept  long 
enough  for  such  changes  to  make  their  appearance. 

6.  Bitter  Milk.— A  fairly  common  fault  of 
milk  is  bitterness.  Often,  it  is  true,  this  defect 
is  caused  by  certain  feeding  stuffs,  but  there  are 
also  certain  bacteria  which  can  impart  a  bitter 
taste  to  milk,  by  producing  bitter  substances, 
such  as  peptone.  This  property  is  not,  however, 
limited  to  a  special  group  of  bacteria,  for  the 
production  of  bitter  substances,  like  that  of  butyric 
acid,  is  a  feature  common  to  a  large  number  of 
bacteria  and  associated  with  various  kinds  of 
fermentation.  Bitterness  may,  therefore,  be  com- 
monly regarded  as  a  bacterial  disease  of  milk, 
but  the  bacteria  causing  it  may  belong  to  various 
families  according  to  the  nature  of  the  bitter 
substances  produced.  Most  of  them  belong  to 
the  group  of  casein  ferments  already  described. 
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Among  the"  bacteria  which  have  been  held  re- 
sponsible for  this  disease  are  the  following:— 

(a.)  Weigmann's  bitter-milk  bacillus.  Rod- 
lets  from  ^hnj  to  t^tht  of  an  inch  lonS'  and 
from  ¥T|^  to  ^hnr  of  an  inch  broad'  feebly 
motile,  and  producing  spores. 

When  sown  in  sterile  milk  this  bacillus  gives 
it  a  very  bitter  taste  within  24  hours.  Cheese 
does  not  taste  bitter  after  inoculation  with  this 
microbe,  which  apparently,  therefore,  is  not  able 
to  multiply  in  this  dairy-product. 

(b.)  Conn's  bitter-milk  micrococcus.— This 
micro-organism  has  been  isolated  from  a  bitter 
cream.  It  is  aerobic  and  liquefies  gelatine, 
making  it  stringy.  Milk  in  which  it  is  sown 
becomes  curdled  by  the  production  of  a  ferment 
resembling  rennet,  but  is  afterwards  partly  redis- 
solved.  The  milk  does  not  become  stringy  like 
the  gelatine,  but  acquires  a  very  bitter  taste. 

(c.)  Bitter  soft-cheese  bacillus  (Tyrothrix 
geniculates).— This  is  a  bacillus  found  by  Duclaux 
in  soft  cheese,  which,  as  well  as  milk,  it  makes 
bitter. 

(d.)  Lastly,  a  short  time  since,  I  succeeded  in 
isolating  from  a  very  bitter  cheese  a  micrococcus 
which  gives  a  bitter  taste  to  milk  inoculated  with 
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it.  The  same  bitterness  is  produced  in  cheese  if 
a  pure  culture  of  this  micro-organism  is  added 
to  the  curd.  The  micrococcus  in  question  lique- 
fies gelatine  like  Conn's  micrococcus,  but  does 
not  make  it  stringy.  Being  a  member  of  the 
lactic  ferment  group  it  curdles  milk,  and  at  the 
same  time  gives  it  a  bitter  taste.  It  grows  well 
in  broth  and  upon  agar.  Upon  potatoes  it  forms 
a  whitish  crust  with  yellowish  edges.  On  account 
of  its  power  of  making  cheese  bitter  I  have 
named  it  the  bitter-cheese  bacillus  {Micrococ- 
cus casei  amari). 

This  by  no  means  exhausts,  however,  the  list 
of  microbes  which  can  impart  bitterness  to  milk, 
for  this  power  is  possessed  by  a  great  many  of 
them.  It  is  noticeable  that  a  bitter  taste  is  most 
frequently  found  in  boiled  milk  which  has  been 
allowed  to  stand  for  some  time.  This  is  because 
the  bitter  milk  bacteria  chiefly  belong  to  the 
group  of  casein  ferments,  as  has  been  already 
stated.  We  know  that  most  of  these  are  charac- 
terized by  great  powers  of  resistance  (spores). 
When,  therefore,  milk  is  boiled  the  lactic  bacteria 
are  killed,  but  the  spores  of  the  bitter  milk 
bacteria  remain  alive,  germinate,  and  multiply 
luxuriantly.    In  raw  milk,  on  the  contrary,  they 
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are  easily  choked  by  the  lactic  bacteria.  There 
are,  however,  microbes  which  can  endure  the 
presence  of  these  last  and  which  at  the  same 
time  possess  the  power  of  making  raw  milk 
bitter.  I  have  twice  succeeded  in  isolating  from 
bitter  cream  two  sorts  of  bacillus,  not  belonging 
to  the  group  possessing  very  resistant  spores, 
and  yet  abundantly  developed  in  milk  in  spite 
of  the  presence  of  lactic  bacteria.  They  seem 
not  to  have  been  hitherto  described,  but  my  study 
of  them  is  not  yet  completed. 

The  subject  well  deserves  special  and  thorough 
investigation ;  for  the  present  we  must  be  content 
to  remember  that  numerous  bacteria  can  impart 
a  bitter  taste  to  milk,  owing  to  substances  which 
they  produce. 

7.  Stringy  or  filamentous  Milk.— Milk  and 
especially  cream  often  become  slimy  or  stringy 
within  12  or  14  hours  after  milking.  When  this 
happens  a  sticky  consistency  is  acquired,  which 
is  often  so  marked  that  the  liquid  can  be  pulled 
out  into  a  long  thread  if  a  finger  or  a  glass  rod 
is  dipped  into  it.  This  change  in  milk  is  another 
instance  of  the  action  of  bacteria,  and  is  easily 
transmitted.  As  a  rule  this  fault  in  milk  is  much 
deprecated,  especially  in  Switzerland  where  milk 


DAIRY  BACTERIOLOGY 


71 


so  affected  is  not  willingly  employed  in  the 
manufacture  of  cheese.  In  some  other  countries, 
on  the  contrary,  stringy  milk  is  appreciated  and 
even  produced  artificially,  as,  for  example,  in  the 
manufacture  of  Edam  cheese,  and  of  the  'Taette- 
mselk'  (a  preparation  of  stringy  milk)  of  Norway. 

A  large  number  of  bacteria  are  able  to  induce 
this  change  in  milk.  Those  which  have  so  far 
been  studied  with  the  most  care  will  be  here  briefly 
described. 

(a.)  Schmidt  of  Mulheim  was  the  first  (1883)  to 
study  stringy  milk  bacteriologically.  He  saw  in 
a  sample  of  such  milk  an  enormous  number  of 
micrococci  having  a  diameter  of  ^5ooir  of  an  inch. 
They  were  motile,  and  partly  isolated,  partly 
arranged  in  chains.  The  reaction  of  the  milk  was 
acid.  Unfortunately  Schmidt  did  not  cultivate 
these  microbes,  so  that  it  is  not  possible  to  identify 
them  with  species  subsequently  discovered. 

(b.)  Duclaux  described  two  species  of  bacteria, 
the  slimy-milk  ray-microbe,  Actinobacter,  and 
an  allied  form  {Actinobacter  polymorphus),  which 
both  make  milk  slimy.    They  possess  a  capsule. 

(c.)  Loeffler  has  isolated  a  slimy-milk  bacillus 
(Bacillus  lactis  pituitosi),  which  makes  sterilized 
milk  slimy.    He  describes  it  as  a  stout,  slightly 
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curved  rodlet,  which  does  not  liquefy  gelatine. 
At  the  temperature  of  an  ordinary  room  its  growth 
is  only  moderately  rapid,  so  that  it  can  scarcely 
play  an  important  part  in  practice. 

(d.)  The  viscid-milk  bacillus  of  Adametz 
(Bacillus  lac  lis  viscosus).  Adametz  has  isolated 
a  bacillus  that  makes  milk  extremely  stringy, 
from  the  water  of  two  brooks  near  Vienna  which 
carry  off  the  waste  from  several  manufactories. 
It  is  a  short  rodlet  of  from  -g^^nr  to  l4^00  of 
an  inch  long,  and  -zstw  to  YTriinr  °f  an  ^ncn 
broad.  It  does  not  liquefy  gelatine  and  is  very 
aerobic.  Sown  in  sterilized  milk  it  does  not 
produce  stringiness  till  several  days  have  elapsed. 
At  the  ordinary  room-temperature  the  milk  does 
not  become  markedly  stringy  for  a  considerable 
time.  This  bacillus,  therefore,  is  probably  never 
the  cause  of  stringiness  in  actual  practice,  for 
milk  is  not  kept  sufficiently  long.  For  this  reason 
its  study  is  chiefly  a  matter  of  theoretical 
interest. 

(e.)  Van  Laer  has  isolated  two  kinds  of  bacillus 
from  stringy  butter,  both  of  which  possess  the 
power  of  making  milk  stringy.  He  has  named 
these  slime  bacillus  I  and  II  (Bacillus  visco- 
sus, I  and  II).    Slime  bacillus  I  forms  a  very 
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viscid  yellowish-green  curd  on  the  surface  of  milk. 
Later  on  the  casein  entirely  dissolves  and  the 
milk  assumes  a  greenish  tint. 

(f.)  A  considerable  number  of  the  potato  bacilli, 
which,  as  already  stated,  belong  to  the  group  of 
casein  ferments,  are  able  to  make  milk  slimy. 
But  they  never  produce  true  stringiness  of  such 
a  kind  that  the  milk  can  be  drawn  out  into 
threads. 

(g.)  'Long  way'  micrococcus.— In  Holland 
a  stringy  kind  of  skim-milk  is  used  in  the  manu- 
facture of  Edam  cheese.  From  this  fluid,  known 
as  'long  way',  Weigmann  has  isolated  a  micro- 
coccus capable  of  producing  this  kind  of  altera- 
tion in  milk. 

It  often  occurs  in  the  chain-form,  on  which 
account  it  has  also  been  called  Dutch  strepto- 
coccus {Streptoccus  Hollandicus).  It  does  not 
liquefy  gelatine,  and  when  sown  in  sterilized 
milk  makes  it  stringy  within  12  to  15  hours, 
at  a  temperature  of  770  F.  The  milk  becomes 
sour  at  the  same  time. 

(h.)  The  clotted  milk  (Tsettemaelk)  so  much 
consumed  in  Norway  is  a  preparation  of  stringy 
milk.  In  this  case  stringiness  is  produced  by 
adding  leaves  of  the  butterwort  {Pmguicula 
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vulgaris),  or  by  feeding-  these  to  the  cows.  A 
micro-organism  able  to  make  milk  stringy  has 
been  found  on  these  leaves,  and  it  is  perhaps 
identical  with  the  'Long  way'  Micrococcus. 

(i.)  Schutz  has  also  isolated  a  special  micrococcus 
from  stringy  milk,  but  it  does  not  appear  to  be 
of  practical  importance. 

(j.)  Guillebeau's  c  bacillus,  mentioned  previ- 
ously, makes  milk  extremely  stringy.  As  it  is 
present  when  the  udder  is  inflamed,  the  milk  is 
in  this  case  faulty  at  the  time  of  milking  and 
stringiness  is  not  due  to  later  infection. 

(k.)  The  commonest  agent  of  this  defect  in 
milk,  at  any  rate  in  Switzerland,  is  undoubtedly 
a  micrococcus  discovered  by  Professor  Guilkbcau 
of  Berne,  and  named  by  him  Freudenreich's  mi- 
crococcus {Micrococcus  Freudenreichii).  This  mi- 
cro-organism was  found  near  Berne,  in  a  dairy  the 
milk  from  which  had  long  been  stringy.  Since 
then  I  have  again  met  with  it  in  a  very  large 
number  of  milk-samples  from  the  cantons  of  Berne 
and  Soleure,  so  that  here  at  least  it  may  be 
looked  upon  as  the  chief  cause  of  this  alteration 
in  milk.  It  is  a  large  round  coccus  with  a  dia- 
meter of  fan  of  an  inch,  or  more.  It  is  non- 
motile,  and  liquefies  gelatine.    In  sterilized  milk 
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it  thrives  best  at  a  temperature  of  68°  F.,  and  in 
a  short  time  induces  such  extreme  stringiness 
that  the  milk  can  be  drawn  out  into  slender 
threads  from  i£  to  3  feet  long.  In  unsterilized 
milk  such  a  change  is  obvious  after  five  hours. 

This  micrococcus  possesses  great  vitality.  Thus, 
for  example,  Prof.  Guillebeaii  found  it  still  living 
in  September  in  milk  which  had  been  inoculated 
with  it  the  previous  March.  This  shows  that  it 
finds  the  conditions  of  life  in  cow-houses  favourable, 
and  that  it  is,  therefore,  difficult  to  get  rid  of. 
Experiments  made  by  Guillebeau  shew  that  the 
microbe  when  introduced  into  the  udder  by 
inoculation  is  scarcely  able  to  maintain  its  existence. 
It  is  not,  therefore,  a  pathogenic  form,  and  stringiness 
is,  therefore,  but  rarely  to  be  referred  to  disease 
of  the  udder,  being  almost  always  a  fault  due  to 
infection  during  or  after  milking.  The  microbe 
is  killed  by  exposure  for  two  minutes  to  the 
temperature  of  boiling  water,  but  can,  on  the 
other  hand,  support  drying  for  three  days.  In 
Switzerland  stringy  milk  is  excluded  from  the 
cheese  manufacture.  I  have  not,  it  is  true,  been 
able  to  prove  that  this  microbe  produces  cavernous 
structure— which,  however,  is  not  very  likely, 
since   it    does  not  cause  the  liberation   of  an 
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appreciable  amount  of  gas,— but  it  is  easy  to 
imagine  that  stringiness  would  prevent  the  cheese 
from  being  of  uniform  texture,  and  lead  to  the 
production  of  'nests'.  Should  this  disease  make  its 
appearance  in  a  cow-keeping  establishment  suit- 
able disinfective  measures  must  be  employed. 
These  will  be  dealt  with  in  detail  later  on,  under 
the  head  of  disinfection. 

(1.)  Hess's  bacterium  {Bacterium  Hessii).— 
The  same  investigator  has  found  in  the  milk  of 
a  cow  from  a  mountain  pasture  in  Emmenthal 
(canton  of  Berne)  a  second  microbe,  which  also 
possesses  the  power  of  making  cream  slightly 
stringy.    This  is  an  actively  moving  rodlet,  from 

-snnnr  to  of  an  inch  lon&  and  ruhns  of  an 

inch  broad,  which  is  also  able  to  make  broth  very 
stringy,  and  liquefies  gelatine.  But  as  soon  as 
this  bacterium  produces  a  little  acid  at  the  expense 
of  the  milk-sugar,  the  sliminess  of  the  milk  dis- 
appears. In  dairies,  therefore,  it  cannot  produce 
permanent  stringiness. 

It  thus  appears  that  numerous  observations 
have  been  made  on  stringy  milk  and  on  the 
bacteria  which  cause  it,  though  the  exact  nature 
of  the  process  is  still  but  little  known.  Further 
investigations  must  furnish  an  accurate  explanation 
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of  the  changes  which  take  place.  In  some  cases 
the  bacteria  may  so  alter  the  components  of  the 
milk  that  it  becomes  stringy — in  other  cases  they 
may  perhaps  secrete  a  slimy  substance  (the  for- 
mation of  capsules  in  Dtcclaux's  Actinobacter 
supports  this)  which  mixing  with  the  milk  gives 
it  a  slimy  or  stringy  consistency. 

8.  Soapy  Milk, —  Weigmann  has  studied  a 
special  alteration  of  milk  which  makes  it  '  soapy '. 
Milk  which  at  first  appears  normal  acquires  a 
disagreeable  taste  of  soap  within  2  4  hours.  Weig- 
mann has  discovered  that  the  cause  of  this  change 
is  a  special  bacillus,  which  sown  in  milk  gives  it 
the  same  soapy  taste.  He  also  found  this  microbe 
in  the  straw  used  as  litter,  from  which  it  appears 
that  the  milk  is  infected  when  the  litter  is  changed 
at  milking  time.  It  is,  therefore,  recommended 
not  to  feed  straw  to  cows,  nor  change  their 
litter,  at  the  time  of  milking. 

OTHER   MICRO-ORGANISMS  FOUND  IN  MILK. 

So  far  we  have  only  been  concerned  with  the 
commoner  bacteria  found  in  milk.  But  there  are 
certain  yeasts  and  moulds  which  are  able  to 
modify  it  in  various  ways. 

Most  of  the  yeasts  which  get  into  milk  do 
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not  bring  about  any  noticeable  alterations.  Of 
late  years,  however,  several  have  been  discovered 
which  possess  the  power  of  fermenting  milk- 
sugar,  with  formation  of  alcohol  and  carbonic 
acid  gas  (carbon  dioxide).    Such  a  form  was  first 
described  by  Dicclaux,  who  gave  it  the  name  of 
milk  yeast  {Saccharomyces   lactis).    Later  on 
Grotenfelt  discovered  another  yeast  which  curdled 
milk  and  led  to  the  production  of  alcohol,  though 
only  in  very  small  quantities.    Duclaux's  yeast, 
on  the  contrary,  produces  a  large  amount  of  alcohol 
and  but  little  lactic  acid.  Kayser  has  also  described 
a  yeast  which  strongly  ferments  milk.  Adametz, 
Weigmann,  and  Mix  have  studied  similar  yeasts. 
Another  example  is  the  yeast  found  in  kephir. 
This  is  a  native  beverage  of  the  Caucasus,  where 
it  is  made  with  fermented  milk  and  resembles  - 
koumiss.      Kephir   is    made    with  cow's  milk, 
koumiss  with  mare's  milk.    The  agent  of  fermen- 
tation is  a  special  fungus,   the  kephir  'grains', 
which  are  allowed  to  swell  up  in  milk  that  when 
afterwards  kept  in  well-closed  vessels  undergoes 
a  characteristic  fermentation.     The  latter  is  due 
to  the  activity  of  micro-organisms  contained  in 
the  kephir  grains,  and  among  these  is  the  yeast 
already  alluded  to.     It  is  this  which  transforms 
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the  milk-sugar  into  alcohol  and  carbonic  acid  gas. 
But  it  is  not  able  to  do  this  unaided,  and  is 
dependent  on  the  help  of  certain  bacteria  which 
modify  the  milk-sugar  in  such  a  way  that  the 
yeast  can  attack  it,  and  at  the  same  time  set  up 
lactic  fermentation.  Kephir  affords,  therefore,  a 
new  example  of  the  symbiosis  of  organisms  alluded 
to  previously,  the  end-products  ,  here  being 
chiefly  alcohol,  milk-sugar,  and  carbonic  acid  gas. 
Kephir  is  a  refreshing  beverage,  and  useful  for 
many  complaints. 

Another  kind  of  yeast  was  discovered  by  Dr. 
Schaffer  on  cheeses  which  were  covered  with  red 
blotches.  This  has  been  studied  by  Demme  and 
named  by  him  red  yeast  (SaccJiaromyces  ruber). 
The  five  cow- stalls  which  were  found  to  be  the 
cause  of  this  disease  were  thoroughly  disinfected 
with  sulphuric  acid,  and  after  this  the  trouble  was 
at  an  end. 

Certain  moulds  are  also  found  in  milk,  and 
some  species  are  even  used  in  cheese-making. 
For  example,  green  mould  (Penicillium  glau- 
cum),  a  very  widely  distributed  form,  the  greenish 
crusts  of  which  so  often  invtide  bread,  preserves, 
&c,  is  one  of  the  chief  agents  in  the  ripening 
of  Roquefort  cheese.     It  is  cultivated  in  large 
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masses  on  slices  of  bread,  scraped  off,  and  mixed 
up  with  the  curd.  This  mould  gives  to  the 
cheese  its  special  flavour,  and  the  well-known 
greenish  veins  are  made  up  of  it.1 

Moulds  similarly  play  an  important  part  in 
regard  to  some  soft  cheeses,  such  as  Brie-cheese. 
Their  growth  is  encouraged  upon  the  surface  of 
such  cheeses,  into  which  the  special  ferments 
produced  by  them  penetrate,  and  which  are 
therefore  not  washed  and  wiped  like  the  hard 
cheeses  of  Emmenthal  or  Gruyere.  In  these 
latter  cases  the  action  of  moulds  would  alter  the 
special  flavour,  and  the  surface  of  the  cheeses  is 
therefore  kept  as  clean  as  possible. 

Yet  another  mould  deserves  mention  on  account 
of  its  frequent  presence  in  milk  and  dairy-products, 
viz.  Oidium  lactis,  already  briefly  described 
in  the  general  part  of  this  book.  When  milk  is 
left  to  sour  a  thick  skin  is  often  formed  on  the 
surface  in  a  few  days,  which  is  almost  entirely 
composed  of  the  hyphae  and  spores  of  this 
mould. 

1  The  flavour  and  colour  of  Gorgonzola  are  also  largely  due 
to  species  of  Penicillium.  Tr. 
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FEEDING  STUFFS  AND  DEFECTS  IN  MILK. 

Although  in  what  has  gone  before  we  are  far 
from  having  passed  in  review  all  the  microbes 
which  influence  milk  in  one  way  or  another,  yet 
sufficient  examples  have  been  given  to  show 
what  damage  to  dairying  these  minute  organisms 
are  in  many  cases  able  to  effect,  and  it  now 
remains  to  consider  the  means  by  which  we  can 
defend  ourselves  against  them.    And  with  this 
end  in  view  it  is  first  necessary  to  examine  how 
far  there  may  be  a  connection  between  feeding- 
stuffs  and  the  diseases  of  milk  and  cheese.  Here 
in  Switzerland  the  opinion  is  very  widely  spread 
that  these  diseases  depend  upon  the  fodder,  and 
this  is  blamed  when  cavernous  structure,  stringi- 
ness,    &c,  make  their  appearance.    So  far  as 
alterations  of  milk  are  concerned  which  exist  at 
the  time  of  milking,  e.g.,  certain  cases  of  bitter- 
ness, it  is  certainly  possible  that  the  feeding  may 
be  the  direct  cause  of  the  alteration.    But  when 
alterations  are  in  question  which  only  appear 
some  time  after  milking,  or  it  may  be  after  the 
making    of   a   dairy-product,    as,   for  example, 
cavernous  structure  in  cheese,   blue  milk,  &c, 
then,  as  we  have  seen,  the  results  of  bacteriological 
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research  prove  conclusively  that  bacteria  alone 
are  the  direct  cause,  and  that  it  is  a  mistake 
to  credit  the  food  with  producing  such  effects. 

It  may  be  admitted,  however,  that  fodder  exerts 
an  indirect  influence  in  these  processes,  for  we 
must  not  forget  that  it  may  be  the  means  of 
introducing  harmful  kinds  of  bacteria.    Thus,  when 
cows  are  fed  with  the  refuse  from  distilleries 
(distillery  draff),  the  microbes  in  which  this  abounds 
pass  into  the  air  of  the  cow-house.    They  can 
also  pass  uninjured  through  the  digestive  organs 
of  the  cow  and  get  into  the  milk  with  fragments 
of  dung.    Another  example  has  already  been 
given  in  treating  of  stringy  milk,  which  in  certain 
countries  is  obtained  by  adding  to  the  fodder 
leaves  of  butterwort,  upon  which  are  found  bacteria 
which  can  bring  about  this  change.    These  microbes 
then  get  into  the  milk  with  dust  or  dung  and 
make  it  stringy.    In  this  way  may  perhaps  be 
explained  the  appearance  of  a  defect  in  the  milk 
after  change  of  fodder,  but  bacteria  are  always 
the  direct  cause. 

PRESERVATION  AND  STERILIZATION  OF  MILK. 

We  have  seen  that  milk  always  contains  germs 
which  will  spoil  it  sooner  or  later,  the  time  depending 
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upon  the  temperature  and  upon  the  number  present. 
It  has  also  been  seen  that  disease  microbes  are 
often  present  in  milk,  sometimes  from  the  first, 
as  in  the  case  of  tubercle  bacilli,  and  sometimes, 
like  the  bacilli  of  typhus,  cholera,  &c,  introduced 
later  on.  These  last  may,  it  is  true,  be  for  the 
most  part  avoided  by  proper  construction  of  cow- 
houses (measures  being  taken  to  prevent  liquid 
manure  from  soaking  through  into  brooks,  &c.) 
and  by  observing  scrupulous  cleanliness.  All 
these  means,  however,  though  they  greatly  reduce 
the  number  of  ordinary  bacteria  of  milk,  thus 
improving  its  keeping  power  and  reducing  the 
chance  of  defects,  do  not  prevent  us  from  often 
feeling  the  need,  especially  in  trade,  of  milk  which 
will  keep  still  better  and  which  has  been  absolutely 
freed  from  disease  germs  which  it  may  possibly 
have  contained.  Health  specialists,  not  without 
reason,  are  constantly  making  an  outcry  on  this 
score.  But  these  two  desirable  conditions— absence 
of  disease  germs  and  prolonged  keeping  powers 
—are  not  identical.  Thus,  for  example,  milk  may 
be  made  incapable  of  communicating  disease, 
without  giving  it  unlimited  keeping  power,  for  it 
is  generally  easier  to  destroy  disease  germs  than 
the  ordinary  bacteria  to  which  the  common  changes 
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of  milk  are  due.  On  the  other  hand  sufficient 
keeping  power  may  be  conferred  without  destruction 
of  disease  germs  at  the  same  time,  as,  for  example, 
when  cold  is  employed  as  a  preservative.  It  is 
therefore  necessary  to  examine  in  every  case,  how 
far  a  given  method  satisfies  the  two  conditions. 
As  to  preservation  of  milk  a  distinction  is  drawn 
between  sterilization,  by  which  unlimited  keeping 
powers  are  conferred,  and  such  methods  as 
pasteurization,  which  only  keep  the  milk  good 
till  it  reaches  the  consumers. 

To  attain  the  double  end  there  is  only  one 
means,  i.e.,  destruction  of  the  ordinary  bacteria 
at  the  same  time  as  the  pathogenic  ones,  or  at 
least  to  check  their  action,  since  they  are 
responsible  for  the  changes  which  take  place  in 
milk.  How  then  can  this  be  effected?  There 
are  only  two  kind  of  agents  to  be  considered - 
physical  agents  and  chemical  agents.  We  will 
begin  with  the  latter. 

I.  CHEMICAL  AGENTS  OF  PRESERVATION 
AND  STERILIZATION. 

We  have  already  seen  that  all  substances  which 
are  poisonous  to  living  protoplasm  are  so  to 
bacteria  as  well.    Such  substances  when  added 


D^IRY  BACTERIOLOGY 


85 


to  milk  will  therefore  kill  the  contained  microbes, 
but  it  is  obvious  that  those  which  are  injurious 
to  health  must  not  be  used,  as  milk  to  which  they  have 
been  added  can  no  longer  be  consumed  without 
danger.  It  is  therefore  necessary  to  exclude  all 
poisons,  such  as  corrosive  sublimate,  carbolic 
acid,  &c. 

The  chief  substances  which  it  appears  possible 
to  use  may  be  placed  under  three  headings : 

(a.)  Substances  which  may  be  expected,  owing 
to  their  alkaline  nature,  to  neutralize  the  acid 
which  is  produced  in  milk  and  thus  to  hinder 
curdling  (alkaline  salts,  carbonate  and  bicarbonate 
of  soda). 

(b.)  Substances  which  without  being  dangerous 
can  either  kill  organized  ferments,  or  else  check 
their  action  {e.g.,  salicylic  and  boracic  acids). 

(c.)  Substances  which  can  do  both  {e.g.,  borax, 
quicklime). 

Lazarus  has  published  his  very  careful  researches 
on  the  use  of  chemicals,  and  what  here  follows  is 
extracted  from  these. 

It  is  clear  that  these  substances  cannot  be  added 
to  milk  except  in  quantities  which  will  neither 
affect  its  taste  nor  make  it  harmful,  especially 
for  children  and  sick  persons.    As  the  maximum 
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amounts  allowable  Lazarus  gives  the  following  : 


per  quart. 

Carbonate  of  soda   48  grains. 

Bicarbonate  of  soda   48  » 

Boracic  acid  1 6  to  3  2  „ 

Salicylic  acid   *2  >» 

Borax   64 

Quicklime   2  4  » 


It  is  to  be  remarked,  however,  that  these  amounts 
conflict  with  most  police  regulations,  and  further 
that  certain  much  lauded  methods  of  preservation 
receive  attention  here  more  on  account  of  their 
theoretical  interest  than  because  results  of  practical 
importance  follow  from  them.  We  shall,  on  the 
contrary,  see  that  the  results  obtained  by  Lazarus 
tell  for  the  most  part  against  the  use  of  chemical 
preservatives. 

In  his  experiments  Lazarus  proceeded  in  the 
following  way.  The  milk,  drawn  from  the  cow 
in  his  presence,  was  mixed  with  the  substances 
of  which  he  wished  to  test  the  action,  divided 
into  portions  of  about  \  a  fluid-ounce  each,  and 
placed  in  test-tubes.  It  was  then  sterilized  and 
inoculated  with  pure  cultures  of  various  bacteria 
(part  of  a  broth-culture  added  to  each  tube  in 
the  proportion  of  1  per  cent  of  its  volume) .  The  sam  e 
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thing  was  done  with  milk  to  which  these  sub- 
stances had  not  been  added,  and  with  raw  milk 
milked  as  cleanly  as  possible  into  sterilized  vessels 
but  not  itself  sterilized.  Immediately  after  inocula- 
tion the  number  of  bacteria  introduced  was  esti- 
mated, after  which  the  test-tubes  were  kept  at 
various  temperatures  (720  F.  and  95°  F.)  and  the 
number  of  bacteria  estimated  again  three,  six, 
nine,  twelve,  and  twenty-four  hours  later.  In  this 
way  it  was  possible  to  determine  whether  the 
addition  of  a  given  chemical  did  or  did  not  check 
the  growth  of  microbes. 

1.  Experiments  with  carbonate  and  bi- 
carbonate of  soda. — Lazarus  found,  in  the  first 
place,  that  these  substances  had  been  added  to 
40  out  of  64  samples  of  milk  bought  in  the 
market,  showing  that  especially  in  large  towns 
dairymen  frequently  have  recourse  to  this  proce- 
dure, hoping  thereby  to  increase  the  keeping 
power  of  their  milk.  Let  us  now  see  the  result 
of  the  investigation.  In  sterile  milk  souring  was 
delayed  from  6  to  12  hours  at  95°  F.,  and  from 
12  to  20  hours  at  720  F.  In  unsterilized  milk, 
on  the  contrary,  curdling  took  place  at  about  the 
same  time  as  a  rule  in  chemically  treated  samples 
and  those  not  so  treated.    This  is  due  to  the 
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presence  of  rennet-producing  bacteria,  the  growth 
of  which  is  favoured  by  alkalies.  It,  therefore, 
follows  that  what  is  gained  in  one  direction,  by 
checking  the  action  of  the  lactic  bacteria,  is  lost 
in  another  direction,  by  promoting  the  growth 
of  rennet  bacteria,  so  that  the  keeping  power  of 
the  milk  is  not  increased.  As  to  pathogenic 
bacteria,  these  are  not  injured  by  these  particular 
preservatives;  on  the  contrary,  the  growth  of 
cholera  bacteria,  which  prefer  an  alkaline  liquid, 
is  even  promoted  by  them.  Alkalies,  therefore, 
when  the  permissible  quantities  are  used,  are 
powerless  against  disease  germs  and  of  very 
doubtful  value  as  preservatives. 

2.  Salicylic  acid, — A  taste  is  given  to  milk 
by  this  compound  when  the  amount  added  is 
only  12  grains  per  quart.  It  hinders  curdling 
more  than  other  substances.  Thus,  the  curdling 
of  sterilized  milk  inoculated  with  Hueppe's  lactic 
bacillus,  is  retarded  for  two  or  three  days.  Cho- 
lera bacilli  are  killed  in  6  to  24  hours,  according 
to  the  temperature — but  not  typhus  bacilli,  the 
growth  of  which  is  scarcely  hindered.  Salicylic 
acid  added  in  such  amounts  does  not,  therefore, 
give  complete  security  against  disease  germs, 
besides  which  specialists  are  not  agreed  as  to  its 
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harmlessness.  In  France  especially  doctors  oppose 
its  employment  in  the  preservation  of  food, 
believing  that  its  constant  use  is  injurious  to  health. 

3.  Boracic  acid. — According  to  A.  Mayer 
this  acid  makes  milk  keep  very  well.  The  ex- 
periments of  Lazarus  show,  on  the  contrary,  that  it 
has  little  power  against  germs,  and  that  milk  to 
which  it  is  added  curdles  as  soon  as  ordinary 
milk.  Against  disease  germs  especially  it  proved 
quite  powerless. 

4.  Borax. — This  has  only  a  feeble  action 
against  bacteria,  but  is,  however,  able  to  retard 
curdling  for  24  hours.  The  number  of  disease 
germs  is  scarcely  reduced. 

5.  Quicklime. — Generally  speaking  this  sub- 
stance possesses  very  powerful  germicidal  pro- 
perties, which  make  it  extremely  useful  as  a 
disinfectant,  so  it  might  be  expected  to  have  a 
preservative  action  on  milk.  Lazarus  has  found 
it,  on  the  contrary,  quite  useless  for  this  purpose, 
which  is  explained  by  the  fact  that  the  carbonates 
and  phosphates  of  the  milk  unite  with  quicklime 
to  form  inactive  compounds. 

6.  Hydrogen  peroxide.— According  to  Hei- 
denhain  the  addition  of  one  part  of  hydrogen 
peroxide  to  10  parts  of  milk  extends  its  keeping 
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powers  for  from  3  to  8  days.  Such  amounts 
cannot,  however,  be  employed  in  practice,  besides 
which  the  hydrogen  peroxide  of  commerce  is 
seldom  pure,  generally  containing  poisonous 
barium  chloride. 

To  sum  up— the  addition  of  these  various 
chemicals,  even  if  it  improves  the  keeping  power 
of  milk,  is  not  to  be  recommended,  for  it  is  very 
difficult  to  be  perfectly  sure  that  a  substance 
which  at  first  sight  seems  innocuous  is  not 
injurious  to  health  when  used  for  a  long  time. 
If  therefore  seems  better  to  prevent  the  misuse 
of  such  preservatives  by  simply  prohibiting  their 
employment. 

PHYSICAL  AGENTS  OF  PRESERVATION 
AND  STERILIZATION. 

1.  Filtration.— Purely  mechanical  methods  of 
purification,  such  as  filtration  through  porous 
earthenware  (Chamberland  and  Berkefeld  filters), 
by  which  germs  can  be  removed  from  liquids, 
cannot  be  employed  for  milk,  because  the  filter 
keeps  back  the  fat-globules  and  the  suspended 
casein.  The  filtered  liquid  is  therefore  nothing 
but  whey. 

2.  Electricity.— It  is  possible  that  one  of  the 
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numerous  applications  of  electricity  may  give 
us  in  the  future  a  means  of  destroying  micro- 
organisms contained  in  a  liquid  without  other- 
wise altering  the  latter.  Up  to  the  present 
time,  however,  no  facts  are  known  which  warrant 
the  hope  of  a  speedy  solution  of  this  problem. 

3.  Cold. — We  know  that  a  low  temperature 
is  unfavourable  to  a  rapid  increase  of  bacteria, 
and  this  is  why  milk  is  to  some  extent  preserved 
by  cooling  it  rapidly  after  milking.  Notwith- 
standing this,  the  hope  has  not  been  realized 
that  by  refrigeration  milk  might  be  made  to 
bear  transport  for  long  distances,  and  even 
sterilized.  The  first  objection  to  the  method  is 
that  it  raises  the  cream,  so  that  cream  and  skim 
milk  freeze  separately,  and  do  not  properly  mix 
again  on  thawing.  Besides  this,  any  disease  germs 
which  may  be  present  in  the  milk  are  not  killed 
by  this  procedure,  for  as  we  have  seen  certain 
pathogenic  bacteria  can  withstand  a  temperature 
of  — 202  0  F.  Such  milk,  therefore,  does  not  meet 
the  requirements  of  hygienists. 

4.  Preservation  by  Heat. — This  has  always 
been  a  common  way  of  making  milk  keep  better. 
Every  housewife  knows  by  experience  that  milk 
which  has  been  boiled  and  cooled  again  keeps 
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much  longer  than  raw  milk.    This  fact  is  easy 
to  understand  after  what  has  been  said  about 
milk  bacteria.    In  fact  boiling  destroys  most  of 
the  germs,  and  the  milk  does  not  spoil  till  those 
which    withstand  it  have  had  time  to  multiply 
anew  to  a  sufficient  extent.    There  are,  however, 
two  objections  to  this  method:  in  the  first  place 
the  taste  of  the  milk  is  somewhat  altered,  especially 
if  it  is  boiled  over  an  open  fire— and  part  of  it 
evaporates  during  boiling  so  that  the  composition 
is  modified.    To  this  must  be  added  that  boiling 
does  not  give  milk  unlimited  keeping  power,  since 
numerous  bacteria  can  endure  the  treatment.  The 
milk  can  be  prevented  from  burning  by  heating 
it  in  a  water-bath,  and  pieces  of  apparatus  have 
been  devised  constructed  on  this  principle,  with 
the  special  view  of  preparing  approximately  germ- 
free  milk  for  the  use  of  children.    The  best  known 
are  those  of  Dr.  Egli-Sinclair  and  Soxhlet  They 
consist  of  a  tin  receptacle  filled  with  water,  which 
is  put  on  the  fire  and  which  holds  a  number  of 
small  bottles  that  are  heated  in  the  boiling  water 
for  about  a  quarter  of  an  hour.    Each  bottle  holds 
enough  for  a  child's  meal.    After  heating,  these 
bottles  are  cooled  and  ingenious  methods  of  closing 
them  have  been  invented.    They  are  not  opened 
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till  the  milk  is  wanted,  so  that  in  the  meantime 
no  bacteria  can  get  in  from  the  outside,  as  is 
the  case  when  all  the  milk  is  boiled  in  a  single 
vessel,  which  has  then  to  be  opened  several  times 
a  day.  These  little  pieces  of  apparatus  are  generally 
called  milk-sterilizers,  though  the  milk  is  not 
made  absolutely  sterile  or  germ-free.  The  chief 
advantage  of  the  method  is  that  at  least  all 
the  pathogenic  bacteria  are  killed  by  it.  Attempts 
have  been  made  in  two  different  directions,  to 
perfect  the  methods  of  heating  milk,  the  aim  of 
one  being  to  secure  absolute  freedom  from  germs, 
of  the  other  to  preserve  the  natural  taste,  a  matter 
of  great  importance  when  the  milk  is  destined  to 
be  made  into  butter.  The  two  methods  are 
known  as  sterilization  proper,  and  -pasteurization. 

(a.)  Sterilization. — By  this  is  meant,  as  already 
stated,  a  process  which  ensures  the  absence  of 
all  germs  in,  e.g.,  a  liquid.  To  make  milk  abso- 
lutely germ-free  is  no  easy  matter,  owing  to  the 
very  resistant  nature  of  some  of  the  bacteria  which 
it  always  contains,  and  to  attain  complete  success 
it  is  necessary  to  expose  it  for  about  a  quarter  of 
an  hour  to  a  temperature  of  2300  F.  to  239°  F. 
This  can  be  done  either  in  large  steamers,  her- 
metically sealed  and  heated  on  the  fire,  or  in  special 


94 


DAIRY  BACTERIOLOGY 


pieces  of  apparatus  into  which  steam  of  the  required 
temperature  can  be  conducted.  Such  apparatus 
has,  of  course,  to  be  constructed  in  such  a  way 
as  to  withstand  pressure.  The  inconvenience  of 
this  method  lies  in  the  fact  that  exposure  to  these 
high  temperatures  alters  the  milk  even  more  than 
mere  boiling.  It  becomes  brownish  and  acquires 
a  burnt  taste,  owing  to  the  action  of  the  heat  on 
the  milk-sugar.  Adults,  being  used  to  the  taste 
of  fresh  milk,  seldom  get  accustomed  to  the  burnt 
flavour,  and  up  to  the  present  milk  thus  sterilized 
has  been  chiefly  used  for  feeding  children,  for 
whom  absolute  freedom  from  germs  is  the  chief 
requirement.  The  process  has  now,  however,  been 
modified  and  improved  in  various  ways,  with  a 
view  of.  obviating  too  much  alteration  of  the  milk. 

In  the  first  place  stress  is  beginning  to  be  laid 
on  cleanly  milking  In  fact,  it  is  much  easier 
to  sterilize  clean  milk,  even  at  less  elevated  tem- 
peratures, than  milk  which  swarms  with  bacteria 
owing  to  inadequate  attention  to  cleanliness  at 
the  time  of  milking.  Not  only  the  nature  but  the 
number  of  bacteria  play  an  important  part  in 
this  connection.  It  has  also  been  noticed  that  the 
milk  often  gets  infected  at  the  moment  of  closing 
the  bottles,  to  obviate  which  arrangements  have 
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been  devised  by  which  they  are  closed  while  still 
under  pressure,  and  before  removing  the  lid  of 
the  sterilizer.  Such  an  apparatus  is  used  for 
example  at  Stalden  (canton  of  Berne),  by  the 
recently  established  Milk-sterilizing  Association 
(Neuhauss-  Groenwald-  Oehlmann  process). 

Thanks  to  these  and  other  technical  improve- 
ments it  appears  possible  to  obtain,  almost  always, 
perfectly  sterilized  milk  without  employing  so 
high  a  temperature  as  239°  F.  At  any  rate  the 
spores  which  resist  the  temperatures  employed 
are  so  enfeebled  that  they  rarely  germinate, 
especially  if  the  bottles  are  kept  in  a  cool  place. 
Milk  so  prepared  has  already  stood  the  test  of 
long  journeys  without  spoiling.  As  already  stated 
cleanly  milking  here  plays  an  important  part.  It 
is  scarcely  necessary  to  emphasize  the  importance 
of  finding  a  means  of  preserving  milk  in  a  faultless 
manner.  In  many  countries  there  are  no  milch 
kine,  so  that  it  is  impossible  to  procure  this 
important  food,  while  in  large  towns  the  difficulties 
in  the  way  of  an  adequate  milk-supply  often 
favour  adulteration.  These  evils  would  be  mitigated 
were  a  milk  prepared  which  could  stand  long 
journeys.  At  the  same  time  this  new  industry 
would  prove  a  constant  source  of  revenue  to 
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milk-producing  countries,  and  open  new  channels 
of  trade  for  their  milk.  It  is  to  be  hoped,  therefore, 
that  we  may  succeed  in  removing  the  defects  of 
the  present  method,  which,  as  previously  stated, 
lie  in  this — that  when  absolute  sterilization  is  the 
chief  aim  the  taste  of  the  milk  suffers,  while  the 
employment  of  more  moderate  measures  lead  to 
uncertainty  as  regards  sterilization. 

(b.)  Pasteurization  of  milk. — In  cases  where 
it  is  sufficient  to  make  sure  of  milk  keeping  for 
a  limited  time,  and  where  it  is  of  special  importance 
to  alter  neither  its  taste  nor  appearance,  pasteuri- 
zation may  be  employed  with  advantage. 

We  have  seen  in  the  first  part  of  this  book 
that  a  temperature  of  1400  F.  to  1580  F.  is 
sufficient  to  kill  most  adult  bacteria,  the  spores 
only  remaining  alive.  Pasteur  introduced  a  process, 
to  which  his  name  has  been  given,  for  preventing 
certain  defects  of  wine  and  beer  and  which  consists 
in  heating  these  liquids  to  about  1400  F.  But 
when  wine  and  beer  are  in  question  the  task  is 
easier  than  in  the  case  of  milk,  because  these 
liquids  are  not  such  good  feeding  grounds  for 
most  bacteria  as  the  latter  fluid,  and  when  they 
have  been  pasteurized  the  germs  which  have 
withstood  the  process  multiply  less  readily  than 
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those  remaining  in  pasteurized  milk.  Nevertheless 
it  was  proved  by  the  first  experiments  that  the 
process  considerably  increases  the  keeping  power 
of  milk.  It  would  carry  us  too  far  to  describe 
all  the  apparatus  that  had  been  devised  for  pasteuriz- 
ing milk,  and  reference  may  be  made  in  this 
connection  to  an  excellent  little  work  published 
in  German  by  Dr.  Weigmann,  which  treats  very 
thoroughly  of  this  subject. 1  Pasteurizing  apparatus 
is  in  general  of  two  sorts :  that  in  which  the  milk 
is  exposed  for  a  short  time  only  to  a  temperature 
of  1580  F.  to  1670  F.  and  that  in  which  it  is 
heated  for  a  longer  time  to  a  temperature  somewhat 
under  1580  F.  As  an  example  of  the  first  kind 
of  apparatus  that  of  Thiel  may  be  mentioned, 
which  is  resembled  by  quite  a  series  of  others. 
In  this  particular  arrangement  the  milk  runs 
slowly  in  a  thin  layer  down  a  heated  wavy  surface 
and  then  enters  a  cooler  after  it  has  been  heated 
to  a  temperature  of  from  1580  F.  to  1 67 0  F. 

Fleischmann  has  made  a  number  of  experiments 
on  the  keeping  power  of  milk  thus  treated,  and 
finds  that  if  afterwards  maintained  at  a  temperature 

1  Dr.  A.  Weigmann, — Die  Methoden  der  Milchconservirung, 
speciell  das  Pasteurisiren  und  Sterilisiren  der  Milch.  Heinsius, 
Bremen,  1893. 
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of  54°  F.  to  57°  F.,  it  keeps  at  least  30  hours 
longer  than  ordinary  milk.  Van  Geuns  states 
that  he  observed  such  milk,  when  kept  at  500  F. 
to  540  F.,  turn  sour  from  1  to  3  days  later  than 
ordinary  milk. 

As  to  the  persistence  of  disease  germs  in  such 
milk,  the  experiments  of  Lazarus  have  shown  that 
cholera  bacilli  but  not  typhus  bacilli  are  killed  in 
Thiel's  apparatus  at  a  temperature  of  1430  F.  to 
1580  F.    It  was  only  by  raising  the  temperature 
to  1670  F.  that  the  latter  were  generally  destroyed. 
The  fault  of  this  kind  of  apparatus  lies  in  the 
fact  that  the  milk  in  running  over  the  metallic 
surface  is  heated  for  too  short  a  time.    Of  late 
years,  therefore,  Thiel's  apparatus  and  others  of 
the  same  kind  have  been  replaced  by  arrangements 
of  a  different  sort,  in  which  the  milk  is  kept  for 
a  longer  time  at  the  required  temperature,  which 
is  not  allowed  to  exceed  1540  F.  to  1560  F.,  for, 
as  Duclaux  has  shown,  the  temperature  of  1580  F. 
is  precisely  the  one  at  which  the  change  in  taste, 
which  it  is  desirable  to  avoid,  begins  to  appear. 
The  milk  in  apparatus  of  the  kind  is  generally 
heated  by  steam,  and  is  kept  in  movement  by 
special  means,  so  that  it  does  not  acquire  a  burnt 
taste.    Bitter  has  very  carefully  investigated  this 
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new  method  of  pasteurizing  milk,  and  proved  its 
efficiency.  He  first  endeavoured  to  determine 
whether  by  it  disease  germs  are  destroyed  with 
certainty.    The  results  attained  were  as  follows. 

Bacilli  of  Tuberculosis. — Milk  was  mixed  with 
bacillus-containing  expectorations  from  consump- 
tive patients,  and  heated  for  various  periods  to 
1 54° — 1560  F.  Guinea-pigs,  which  are  very 
sensitive  animals  as  regards  tuberculosis  were  then 
inoculated  with  this  milk.  It  was  thus  shown 
that  after  20  minutes  treatment  the  milk  was  no 
longer  virulent,  while  animals  inoculated  with  a 
WTZ-pasteurized  portion  of  the  same  milk  all 
contracted  tuberculosis. 

Typhus. — In  this  case  Bitter  added  pure  cultures 
of  typhus  bacilli  to  the  milk,  so  that  every  10 
drops  of  it  contained  1  million  bacilli,  a  number 
far  above  that  likely  to  be  met  with  in  practice. 
Furthermore  Bitter  always  used  9  gallons  of 
milk  for  each  experiment,  so  as  to  anticipate  the 
objection  that  investigations  made  on  a  small 
scale  do  not  give  results  applicable  to  the  larger 
operations  of  trade.  After  pasteurization  he  deter- 
mined by  the  method  of  culture  whether  the 
bacilli  still  remained  alive,  adding  portions  of  the 
milk  to  nutritive  media  of  suitable  kind.    In  this 
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case  animals  could  not  be  employed,  as  none  are 
known  which  can  be  successfully  inoculated  with 
typhus.  He  proved  that  heating  for  15  minutes 
to  I54o_I560  y.  kills  the  typhus  bacillus  with 
certainty. 

Cholera    and   Diphtheria    Bacilli    are  less 
resistant  than  those  of  tuberculosis  and  typhus. 
Jt  may,  therefore,  be  supposed  that  they  too  would 
be  killed  by  this  treatment. 

Other  Disease  Germs— -It  was,  of  course,  not 
possible  to  experiment  on  scarlet  fever,  measles, 
and  other  similar  diseases  of  which  the  agents 
are  not  yet  known.  If,  however,  a  sample  of 
milk  should  contain  their  supposed  microbes,  it 
might  be  reasonably  expected  that  they  would 
be  killed  by  pasteurization,  for  experience  shows 
that  in  these  diseases  the  disinfection  of  dwellings, 
&c,  is  not  more  difficult  than  in  other  cases. 

It  therefore  follows  from  these  researches  that 
pasteurization  for  20  to  30  minutes,  at  a  tem- 
perature of  1 540— 1560  F.,  kills  with  certainty 
all  the  disease  germs  that  are  liable  to  be  found 
in  milk.  Such  a  milk  therefore  fulfils  all  the 
requirements  of  hygiene. 

Let  us  now  see  how  saprophytes,  to  which 
group  the  ordinary  milk  bacteria  belong,  support 
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this  temperature,  in  other  words  what  is  the  keep- 
ing power  of  pasteurized  milk?  In  order  to 
determine  the  number  of  bacteria  resisting  pas- 
teurization Bitter  estimated  their  number  before 
and  after  the  process.  He  found,  in  the  first 
place,  that  heating  for  20  minutes  diminished 
their  number  as  much  as  heating  for  35  minutes. 
In  practice,  therefore,  20  minutes  may  be  regarded 
as  sufficient.  The  following  figures  prove  the 
efficacy  of  the  process. 


They   give   the  average  number  of  bacteria 
found,  for  each  case,  in  10  drops  of  milk. 
Sample. 
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This  kind  of  pasteurization  gives  better  results, 
therefore,  than  that  effected  in  Thiel's  apparatus. 
Van  Geztns,  who  worked  with  the  latter  found 
that  milk  pasteurized  in  it  still  contained  5,000 — 
9,000  bacteria,  in  every  10  drops. 

A  series  of  19  experiments  conducted  by  my- 
self confirm  for  the  most  part  the  results  of 
Bitter.     As,   however,   my  work  was  done  in 
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summer  with  ordinary  market  milk,  while  Bitter 
pasteurized  the  milk  immediately  after  milking, 
and  as  I,  therefore,  experimented  with  a  fluid 
richer  in  bacteria  my  figures  are  on  an  average 
somewhat  higher.    As  a  rule  I  found  after  pas- 
teurization from  10  to  40  bacteria  per  10  drops, 
and  sometimes  from  a  few  hundreds  to  a  thousand. 
The   differences   in  the  results  are  easily  ex- 
plained, for  the  number  and  nature  of  the  milk 
bacteria    constantly    vary.     On    one    day  the 
germs  present  may  be  very  numerous  and  very 
resistant,   on  another  day  the  contrary  may  be 
the  case.     In  order  to  find  out  how  far  the 
keeping   power   is  increased  by  the  treatment,. 
Bitter  exposed  samples  of  pasteurized  milk  to 
various  temperatures,   considering  it  as  turned 
when  it  would  no  longer  stand  boiling  without 
curdling.    Here  again  it  appears  that  temperature 
plays  an  important  part.    At  temperatures  above 
86°  F.,  and,  therefore,  most  favourable  to  the  increase 
of   the   bacteria    remaining  alive,   the  keeping- 
power  was  not  extended  for  more  than  6  to  8 
hours.    At  770  F.,  it  was  extended  for  at  least 
10  hours,  at  730  F.,  for  20  hours,  and  at  57 °— 
590   F.,    for    50—70   hours.     This  sufficiently 
proves  the  necessity  for  rapid  cooling  after  pas- 
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teurization.  It  also  makes  a  great  difference 
whether  the  pasteurized  milk  is  kept  in  sterilized 
or  non-sterilized  vessels.  The  following  figures 
furnish  instructive  examples. 

When  kept  at  68°— 750  F.  the  milk  turned— 
in  sterilized  vessels      in  non-sterilized  vessels 
Expt.  1  after     46  hours       after  24  hours 
»      2     „       96     „  „     48  „ 

n       3  »  7  2  »  »  2  4  » 

„      4  »  T30  „  65  „ 

„      5  »  86  „  „  48  „ 

6  „  104  „  „  66  „ 

»      7  »  4^  »  »  1 8  „ 

n         8       »  SO  48 

These  eight  experiments  show  that  it  is  impos- 
sible to  be  too  cleanly,  or  even  too  fastidious,  in 
the  treatment  of  milk,  since  the  best  rules  become 
useless  if  the  smallest  negligence  is  permitted. 
It  should  not,  therefore,  be  forgotten  how  import- 
ant it  is  to  scald  with  steam  or  boiling  water 
all  utensils  and  other  objects  that  will  come  into 
contact  with  the  milk.  The  experiments  of  Bitter 
promise  results  useful  in  practice.  At  68°  F.  raw 
milk,  which  has  not  been  pasteurized,  is  spoilt 
within  20  hours,  and  in  15  hours  when  kept  at 
8o° — 86°  F.    Pasteurized  milk  on  the  contrary 
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should  be  as  good  as  ever  after  30  hours,  sup- 
posing for  example  that  it  remains  for  10  hours 
before  transport  at  the  temperature  of  the  cellar, 
that  other  10  hours  are  then  spent  in  transit  at 
a  temperature  of  710 — 730  F.  (for  this  purpose 
the  cool  night  can  be  utilized),  and  that  4  or  5 
hours  more  elapse  before  it  passes  from  the  market 
into  the  hands  of  the  consumer,  who  keeps  it  a 
few  hours  longer  before  using  it.  Bitter  proved 
by  the  following  experiment  that  this  view  would 
be  realized  in  practice.  He  kept  a  sample  of 
pasteurized  milk  for  10  hours  at  57 0  F.,  for 
22  hrs.  longer  at  730  F.  and  lastly  for  7  hrs.  at 
86°  F.  It  was  then  absolutely  sound,  and  kept 
good  for  7  hrs.  longer  at  73 0  F. 

It  is  possible  that  later  on  cream  also  will  be 
submitted  to  pasteurization,  at  least  in  dairies 
where  defects  frequently  occur.  This  might  be 
done  in  view  of  transport  for  long  distances,  or 
in  connection  with  butter-making,  to  which  pas- 
teurized cream  lends  itself  very  well.  The  yield 
of  butter  is  perhaps  rather  less  but  this  dis- 
advantage would  be  made  up  for  by  the  improved 
quality  of  the  product. 

Another  important  application  of  pasteurization 
has  been  spoken  of  earlier,  in  dealing  with  Wcig- 
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warm's  process  for  ripening  by  means  of  pure 
cultures  cream  intended  for  butter-making. 

Lastly  it  may  still  be  added  that  pasteurized 
milk  curdles  very  readily  with  rennet,  and  can 
therefore  be  used  for  making  cheese.  In  this 
way  it  is  possible  to  study  the  action  of  various 
bacteria  on  the  ripening  of  cheese,  since  pasteur- 
ization destroys  most  of  the  milk  bacteria  and  it 
is  then  only  necessary  to  add  pure  cultures  of 
those  bacteria  the  action  of  which  is  to  be 
studied. 

RULES  TO  BE  FOLLOWED  IN  CASES  OF 
MILK  DEFECTS. 

In  the  previous  sections  we  have  learnt  to  recog- 
nize the  source  of  many  defects  in  milk,  and 
thanks  to  that  knowledge  are  therefore  in  a  position 
by  the  use  of  suitable  means  (cleanliness,  &c.)  to 
prevent  in  some  measure  the  appearance  of  these 
defects,  a  procedure  which  is  always  easier  than  to 
get  rid  of  them  when  once  established.  But  diseases 
of  milk  sometimes  make  their  appearance,  even 
when  all  the  rules  suggested  by  prudence  are  fol- 
lowed, just  as  we  are  ourselves  constantly  exposed 
to  the  attacks  of  various  diseases  in  spite  of 
proper  nourishment  and  observance  of  the  laws 
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of  health.    What  is  to  be  done  then  if  such  a 
disease  makes  its  appearance  in  a  cheese-factory 
or  dairy?  In  the  first  place  it  is  necessary  to 
discover  the  cause  of  the  mischief,  and  then  to 
remove  the  conditions  which  favour  it.  When 
large  quantities  of  mixed  milk  are  used,  a  careful 
investigation  of  all  the  cow-houses  must  be  made, 
with  the  view  of  discovering  the  source  of  the 
contaminated  milk.    Since,  too,  it  happens,  as  we 
have  seen,  that  in  cases  of  inflammation  of  the 
udder  the  milk  contains  undesirable  micro-organ- 
isms which  cause  cheeses  to  heave,  it  is  neces- 
sary at  the  same  time  to  have  the  cows  inspected 
by  a  veterinary  surgeon. 

According  to  the  nature  of  the  disease  the 
examination  of  the  milk  will  be  less  or  more 
difficult;  in  the  latter  case  where  it  is  necessary 
to  isolate  and  cultivate  bacteria,  or  else  to  have 
recourse  to  accurate  chemical  analysis,  the  ex- 
amination can  only  be  conducted  in  a  properly 
equipped  bacteriological  or  chemical  laboratory, 
to  which  samples  of  the  suspected  milk  should 
be  sent.  These  samples  must  be  put  in  bottles 
which  have  been  sterilized,  or  at  least  washed 
out  several  times  with  boiling  water,  and  if  the 
distance  is  great  it  is  well  to  send  them  packed 
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in  ice  so  as  to  prevent  the  bacteria  from  multi- 
plying too  rapidly.  In  other  cases  the  exam- 
ination can  easily  be  made  at  the  cheese-factory 
or  dairy. 

If,  for  example,  heaving  of  the  cheeses  makes 
its  appearance  it  is  necessary  to  find  out  which 
milk  contains  the  bacteria  of  the  disease,  bacteria 
which  are  now  partly  known  to  us.  A  well- 
known  and  very  simple  test  is  that  devised  by 
Walter,  cantonal  chemist  at  Soleure,  and  termed 
the  'fermentation  test'.  The  milk,  placed  in 
glasses,  is  exposed  to  a  uniform  temperature  of 
about  98 0  R,  and  if  good  should  remain  for 
10 — 12  hours  without  curdling  or  undergoing 
abnormal  fermentation.1 

This  fermentation  test,  it  is  clear,  is  entirely  a 
bacteriological  one.  In  making  it  we  start  with 
the  assumption  that  if  the  milk  contains  too  large 
a  number  of  bacteria  of  gas-producing  kinds, 
these  will  be  able  to  make  their  objectionable 
action  apparent  with  the  help  of  the  favourable 
temperature  employed.     In  fact  the  milk  thus 

1  VerY  good  '  milk  fermenters '  have  been  constructed  with 
which  to  make  this  test.  They  consist  of  a  water  bath  and 
spirit-lamp,  together  with  the  necessary  glasses  and  lids,  and  can 
be  procured  from  H.  Dinkelmann,  Eisenhandlung,  Berthoud, 
Berne  canton,  Switzerland. 
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tested  is  often  seen  to  curdle  and  present  obvious 
signs  of  heaving,  from  which  it  is  concluded  that 
it  is  unfit  for  cheese-making.     To  get  reliable 
results  from  this  method  of  procedure  it  is  ne- 
cessary to  make  sure  that  the  glasses  for  holding 
the  milk  have  previously  been  sterilized.  We 
have  learnt,  in  connection  with  the  pasteurization 
of  milk  to  realize  the  influence  of  sterilization  in 
the  milk  vessels,  and  have  seen  that  pasteurized 
milk  keeps  almost  twice  as  long  in  sterilized 
vessels  as  in  unsterilized  cans.    If,  therefore,  in 
using  the  fermentation  test  we  place  a  milk  which 
is  perhaps  quite  sound,  in  non-sterilized  glasses, 
these  may  have  many  noxious  bacteria  clinging 
to  them,  which  set  up  fermentations  that  would 
not  otherwise  make  their  appearance.    The  best 
plan  is  to  sterilize  the  glasses  for  half  an  hour 
by  means  of  steam.    This  is  easy  to  do  in  cheese- 
factories  and  in  dairies  where  steam  is  used.  A 
metal  box  (copper  or  sheet-iron)  in  which  the 
glasses  can  be  placed  will  answer  the  purpose. 
This  is  connected  by  a  tube  with  the  steam-engine 
in  such  a  way  that  steam  passes  in  below  and 
out  again  by  an  opening  above.    Where  such 
a  sterilizer  cannot  be  contrived  it  may  suffice  to 
sterilize  the  previously  well-cleansed  glasses  by 
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washing  them  out  with  concentrated  sulphuric 
acid,   afterwards  rinsing  them  several  times  in 
succession  in  water  which  has  just  previously 
boiled  for  a  quarter  of  an  hour.     The  lids  must 
also  be  sterilized,  which  is  most  easily  managed 
by  holding  them  for  a  few  seconds  over  the  flame 
of  a  spirit-lamp  just  before  covering  the  glasses 
with  them.    In  a  sterilizer  of  the  kind  described, 
quite  a  stock  of  glasses  can  be  prepared  in  ad- 
vance, the  apparatus  of  course  remaining  closed 
till  they  are  wanted,  and  a  cover  being  placed 
over  the  hole  serving  for  the  escape  of  steam, 
lest  dust  should  fall  in.    If  the  glasses  have  to 
be  sterilized  with  sulphuric  acid  this  must  be 
done  immediately  before  they  are  used.  The 
glasses  should  all  be  filled  to  the  same  extent,  then 
placed  in  the  water-bath  regulated  for  g8°  F.,  and 
examined  from  10  to  12  hours  later.    If  several 
samples  have  to  be  examined  at  the  same  time 
care  must  be  taken  not  to  ladle  them  into  the 
glasses  with  the  same  spoon  or  other  implement, 
as  this  would  transfer  bacteria  from  one  sample 
to  another.    In  sending  samples  of  milk  to  a 
laboratory  the  bottles  must  previously  be  sterilized 
in  the  way  described  above. 

It  may  happen  that  milk  examined  in  the  way 
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described  turns  out  perfectly  sound,  but  that  in 
spite  of  this  the  cheeses  heave  which  are  made 
from  it.    In  such  cases  the  fault  may  perhaps  he 
in  the  rennet  employed,  or  in  the  water  used  for 
washing  the  utensils  in  the  cheese  factory,1  for 
both  rennet  and  water  as  well  as  milk  are  liable  to 
be  contaminated  by  harmful  bacteria.    Thus,  for 
example,  Adametz  cites  a  case  where  in  a  cheese- 
factory  only  those  cheeses  heaved  which  were 
prepared  with  a  certain  rennet,  while  others  made 
from  the  same  milk  and  in  the  same  way,  except 
that  another  sort  of  rennet  was  used,  were  all 
right.    Under  such  circumstances  it  is,  therefore, 
necessary  to  examine  the  rennet  and  the  water 
for  bacteria,  which  too  can  be  conveniently  done 
by  Walter's  fermentation  test.    Some  sterilized  or 
at  any  rate  well  boiled  skim  milk  is  taken,  and 
placed    in    the    milk-fermenter,   a  little  of  the 

1  In  many  Swiss  cheese-factories  the  practice  is  followed  of 
adding  a  certain  quantity  of  water  to  the  milk  before  making  it 
into  cheese,  the  proportion  being  about  40  to  So  quarts  of 
water  to  1000  quarts  of  milk.  The  reason  for  this  is  not  very 
clear;  the  cheesemakers  usually  allege  that  in  certain  districts 
the  cheeses  ripen  badly  if  it  is  not  done.  Is  it  perhaps  the 
introduction  of  a  certain  number  of  bacteria  with  the  water  that 
helps  ripening?  In  any  case  it  is  clear  that  the  good  quality  of 
this  water  is  not  a  matter  of  indifference. 
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suspected  rennet  or  water  being  added.  As  in 
all  cases  the  apparatus  is  kept  at  98 0  F. 

In  order  to  determine  more  accurately  the 
amount  of  contamination,  some  glasses  are  inocu- 
lated with  one  drop  only,  others  with  from  several 
up  to  about  60  drops.  If  obvious  fermentation 
takes  place  in  the  glasses  inoculated  with  only 
one  or  a  few  drops,  the  rennet  or  water  may  be 
considered  suspicious.  If  the  rennet  is  faulty 
it  must  be  replaced  by  another,  if  the  water  is 
suspected  the  source  of  contamination  must  be 
sought  for. 

When  a  sample  of  milk  curdles  badly  on  the 
addition  of  rennet,  the  cause  is  to  be  looked  for 
in  the  chemical  composition  of  the  milk  rather 
than  in  the  action  of  bacteria.  In  such  cases  the 
milk  supplied  from  different  sources  can  be  tested 
at  the  cheese-factory  itself  by  means  of  the  'milk- 
curdler'  of  Dr.  S chaffer,  cantonal  chemist  at  Berne. 
For  this  purpose  the  milk  is  heated  in  a  water- 
bath1  to  950  F.  and  treated  with  a  given  quantity 
of  rennet.  It  is  then  seen  whether  it  curdles 
within  the  usual  time.  To  |  of  a  pint  (4  fluid 
ounces)  of  milk  is  added       its  volume  (§  of  a 

1  This  apparatus  can  be  bought  from  G.  Joho,  20  Zeughaus- 
gasse,  Berne,  Switzerland. 
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drachm)  of  a  solution  of  rennet  prepared  by- 
dissolving  one  of  Hansen's  smallest  rennet  tablets 
in  ^  of  a  pint  (18  fluid  oz)  of  water.  Sound  milk 
ought  to  curdle  in  from  10  to  20  minutes.  If 
milk  thus  tested  curdles  badly  or  not  at  all,  it 
should  not  be  employed  for  cheese-making. 

If  stringy  milk  makes  it  appearance,  the  source 
of  supply  must  be  ascertained  by  putting  samples 
on  one  side  and  examining  them  in  from  12  to 
24  hours  afterwards.  The  microbes  which  cause 
this  defect  are  mostly  found  in  the  cow-houses 
and  get  into  the  milk  at  the  time  of  milking. 
This  is  easily  proved  by  leaving  uncovered  glasses 
of  milk  in  the  cow-house.  If,  on  the  contrary, 
the  udder  is  carefully  cleansed  and  a  little  milk 
drawn  into  glasses  which  are  then  quickly  covered, 
the  milk  does  not  become  stringy  or  only  slightly 
so,  because  it  is  not  sufficiently  contaminated. 
But  in  cases  of  inflamed  udder  caused,  for  instance, 
by  Guillebeau's  c  bacillus,  the  milk  is  already 
stringy  when  first  drawn.  The  reason  for  this  being, 
therefore,  known,  the  above  test  is  unnecessary. 

When  the  cow-house  is  proved  to  be  the  source 
of  the  bacterial  disease  of  the  milk  it  must  be 
disinfected,— i.e.,  freed  from  the  noxious  bacteria 
which  it  harbours,— so  as  to  put  an  end  to  the 
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disease.    There  are  a  host  of  disinfectants  but  we 
may  exclude  those  which  are  either  difficult  to 
apply  or  dangerous  on  account  of  their  poisonous 
nature.     Those  to  be  chiefly  recommended  are 
milk  of  lime  and  also  sulphur,  a  substance  in 
common  use  for  such  purposes.    Every  disinfection 
of  a  cow-house  should  be  preceded  by  a  thorough 
cleaning.     After  the  animals  have  been  turned 
out  all  dirt  must  be  removed,  and  the  walls,  roof 
and  floor  first  scraped  and  then  vigorously  purified 
with  water  and  brush.    Then  the  true  disinfection 
can  be  begun.     If  burning  sulphur  is  used,  all 
openings  by  which  the  fumes  could  escape  must, 
of  course,  be  closed  and  paper  stuck  over  the 
joints    of    the    windows    and    other  crevices. 
Nor  must  the  sulphur  be  used  in  a  niggardly 
way.    According  to  the  experiment  of  Thoinot 
and  others  at  least  from  i*-  to  i|  ozs.  per  cubic 
yard  should  be  burnt.    I  have  generally  found, 
however,  that  \  of  an  oz.  per  cubic  yard  is  sufficient 
m  practice,  if  by  careful  scraping  and  washing 
most  of  the  agents  of  infection  are  previously 
removed.    The  best  method  is  to  pound  up  some 
roll  sulphur  and  then  burn  it  in  an  iron  pan  with 
a  little  wood  and  paper.    As  soon  as  it  is  alight 
the  door  must  be  closed  and  made  air-tight  by 
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sticking  paper  over  the  cracks,  after  which  at 
least  from   12  to  24  hours  must  be  allowed  to 
elapse.    Meanwhile  the  cows  should  be  thoroughly 
cleaned,  for  numerous  microbes  always  cling  to 
their  coats,  and  special  care  should  be  taken  to 
clean  their  feet  with  soda  and  water  applied  with 
a  brush.     The  clothes  of  the  milkers  must  also 
be  purified  and  all  the  utensils  which  have  come 
into  contact  with  the  milk  must  be  scalded  out. 
After  disinfection  the  cow-house  must  be  well 
aired. 

According  to  the  experiments  of  Giaxa  and 
Cronberg  walls  and  floors  infected  with  bacteria 
can  easily  be  sterilized  by  washing  them  over 
with  concentrated  milk  of  lime.    Only  certain 
very  resistant  bacteria  can  survive  this  treatment. 
The  process  is  very  simple.    Some  quicklime  is 
dissolved  in  a  little  water  and  the  solution  mixed 
with  the  same  bulk  of  water  (50  per  cent  milk 
of  lime).    Walls,  roof  and  floor  are  then  washed 
over  with  it,  of  course  after  previous  cleaning. 
Although  I  have  not  so  far  had  occasion  to  test 
this  method  practically,  yet  its  simplicity  and 
safety  appear  to  me  very  strong  recommenda- 
tions. 

In  cheese-factories  and  dairies  where  steam  is 
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available  this  may  advantageously  be  employed 
instead  of  boiling  water  for  disinfecting  utensils, 
and  should  be  used  as  hot  as  possible. 

The  rules  which  have  been  given  will  suffice 
in  most  cases,  and  we  believe  therefore  that  we 
may  limit  ourselves  to  these  general  directions. 
If  in  special  cases  modifications  are  necessary, 
these  will  readily  suggest  themselves. 

It  is  hoped  that  this  little  book  will  help  to 
make  known  the  nature  of  the  commonest  diseases 
of  milk,  and  aid  those  interested  in  preventing 
and  in  combating  them. 


THE  END. 


Works  t]  Professor  J.  R,  MMSWQRTH  DAVIS,  B,L,  F.C.P. 
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Poetry 

Rudyard   Kipling.     BALLADS.     By  Rudyard  Kipling. 

Crown  Svo.    Bttckram.    6s.  _ 
The  announcement  of  a  new  volume  of  poetry  from  Mr.  Kipling  wiU  excite  wide 
interest     The  exceptional  success  of  1  Barrack-Room  Ballads,'  with  which  this 
volume  will  be  uniform,  justifies  the  hope  that  the  new  book  too  will  obtain  a 
wide  popularity. 

W.  E.  Henley.    ENGLISH  LYRICS.    Selected  and  Edited  by 

W.  E.  Henley.    Crown  Svo.    Buckram.  6s. 

Also  30  copies  on  hand-made  paper    Demy  Svo.    £1,  is. 

Also  IS  copies  on  Japanese  paper.  Demy  Svo.  £2,  2s. 
Few  announcements  will  be  more  welcome  to  lovers  of  English  verse  than  the  one 
that  Mr.  Henley  is  bringing  together  into  one  book  the  finest  lyr.cs  m  our 
language.  Robust  and  original  the  book  will  certainly  be,  and  it  will  be  pro- 
duced with  the  same  care  that  made  '  Lyra  Heroica'  delightful  to  the  hand  and 
eye. 

"Q"  THE  GOLDEN  POMP  :  A  Procession  of  English  Lyrics 
from  Surrey  to  Shirley,  arranged  by  A.  T.  Quiller  Couch.  Crown 
Svo.    Buckram.  6s. 

Also  30  copies  on  hand-made  paper.   Demy  Svo.    £l,  is. 

Also  15  copies  on  Japanese  paper.    Demy  Svo.   £2,  2s. 

Mr  Quiller  Couch's  taste  and  sympathy  mark  him  out  as  a  born  anthologist,  and 
out  of  the  wealth  of  Elizabethan  poetry  he  has  made  a  book  of  great  attraction. 

H  0  Beeching.  LYRA  SACRA  :  An  Anthology  of  Sacred  Verse. 
Edited  by  H.  C.  Beeching,  M.A.    Crown  Svo.    Buckram.  6s. 

This  book  will  appeal  to  a  wide  public.  Few  languages  are  richer  in  senoos  verse 
than  the  English,  and  the  Editor  has  had  some  difficulty  in  confin.ng  b,s  material 
within  his  limits. 

W  B.  Yeats.   A  BOOK  OF  IRISH  VERSE.  Edited  by  W.  B. 
Yeats.    Crown  Svo.    3s.  6d. 
An  anthology  of  Irish  poetry  selected  by  an  editor  whose  own  verse  has  won  a  con- 
siderable  reputation. 
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Fiction 

Messrs.  Methden  call  attention  to  the  fact  that  the  following  novels 
are  issued  for  the  first  time  in  one  volume  instead  of  in  the  old  two  and 
three  volume  form. 

Gilbert  Parker.  THE  TRAIL  OF  THE  SWORD.  By 
Gilbert  Parker,  Author  of  « Pierre  and  his  People,'  etc.  Crown 
Svo.  6s. 

A  historical  romance  dealing  with  the  stirring  period  in  the  history  of  Canada  in 
which  France  and  England  were  contending  for  its  possession. 

Anthony  Hope.  A  MAN  OF  MARK.  By  Anthony  Hope, 
Author  of  'The  Prisoner  of  Zenda,'  'The  God  in  the  Car,'  etc' 
Crown  Svo.  6s. 

This  is  a  re-issue  of  Anthony  Hope's  first  novel.  It  has  been  out  of  print  for  some 
years,  and  in  view  of  the  great  popularity  of  the  author,  it  has  been  reprinted.  It 
is  a  story  of  political  adventure  in  South  America,  and  is  rather  in  the  style  of 
'  The  Prisoner  of  Zenda.' 

Mrs.  Clifford.    A  FLASH  OF  SUMMER.    By  Mrs.  W.  K. 
Clifford,  Author  of  '  Aunt  Anne,'  etc.    Crown  Svo.  6s. 
This  is  the  first  long  story  which  Mrs.  Clifford  has  written  since  the  remarkably 
successful  '  Aunt  Anne.' 

M.  M.  Dowie.    GALLIA.    By  Mene  Muriel  Dowie.  Author 
of  '  A  Girl  in  the  Carpathians.'    Crown  Svo.  6s. 
This  is  a  story  of  modern  society  by  the  author  of 1 A  Girl  in  the  Carpathians,'  which 
was  probably  one  of  the  most  popular  books  of  travel  ever  published. 

Mrs.  Oliphant.     SIR  ROBERT'S  FORTUNE.    By  Mrs. 
Oliphant.    Crown  Svo.  6s. 

Mrs.  Pinsent.    CHILDREN  OF  THIS  WORLD.    By  Ellen 

F.  Pinsent,  Author  of  'Jenny's  Case.'    Crown  Svo.  6s. 

A  story  of  modern  life  and  thought,  being  a  study  of  two  opposite  types— the 
Christian  and  the  Agnostic.  Mrs.  Pinsent's  first  book  was  very  successful,  and 
the  leading  critics  spoke  of  it  as  a  remarkable  and  powerful  story,  and  as  one  which 
made  them  look  forward  with  keen  interest  to  the  author's  next  book. 

W.  E.  Norris.   THE  DESPOTIC  LADY  AND  OTHERS. 
By  W.  E.  Norris,  Author  of  '  The  Rogue,'  etc.    Crown  Svo.  6s. 

E.  F.  Benson.  LADY  MASSINGTON'S  RESURRECTION 
AND  OTHER  STORIES.  By  E.  F.  Benson,  Author  of  <  Dodo.'' 
Crown  Svo.  6s. 
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Julian  Corbett.  A  BUSINESS  IN  GREAT  WATERS.  By 
Julian  Corbett,  Author  of  'For  God  and  Gold,'  '  Cophetua 
XHIth.,' etc.  Crown  Svo.  6s. 
This  is  a  historical  romance  of  the  time  of  the  French  Revolution  by  a  writer  whose 
previous  stories  have  been  much  praised  for  their  '  romantic  beauty  and  P^fnund 
fnterest  and  nervous  strength  of  style.'  Many  critics  noticed  their  'wholesome 
freshness '  and  '  vivid  reproduction  of  the  past. 

Gilbert  Parker.  AN  ADVENTURER  OF  THE  NORTH. 
By  Gilbert  Parker,  Author  of  'Pierre  and  his  People,  The 
Translation  of  a  Savage,' etc.    Crown  Svo.  6s. 

This  book  consists  of  more  tales  of  the  Far  North,  and  contains  the  last  adventures 
of 'Pretty  Pierre.1  Mr.  Parker's  first  volume  of  Canadian  stories  was  published 
about  two  years  ago,  and  was  received  with  unanimous  praise. 

Philipps-Woolley.   THE  QUEENSBERRY  CUP    A  Tale  of 
Adventure.    By  Clive  Philipps  Woolley,  Author  of  Snap,  rart 
Author  of  Big  Game  Shooting.'    Illustrated.    Crown  Zoo.  6s. 
This  is  a  story  of  amateur  pugilism  and  chivalrous  adventure,  written  by  an  author 
whose  books  on  sport  are  well  known. 

Miss  Benson.    SUBJECT  TO  VANITY.    By  Margaret 

Benson.    With  numerous  Illustrations.    Crown  Svo.    3*-  *>d- 
A  volume  of  humorous  and  sympathetic  sketches  of  animal  life  and  home  pets. 

NEW  EDITIONS 

Anthony  Hope.  THE  GOD  IN  THE  CAR.  By  Anthony 
Hope,  Author  of  'A  Change  of  Air,'  etc.  Sixth  Edition.  Crown 
Svo.    6s.  .  ,     ,  -  ■       -i  t 

'This  is,  indeed,  a  very  remarkable  book,  deserving  of  critical  •"^i™ 
within  our  limits;  brilliant,  but  not  superficial ;  well  considered,  but  not  elabor- 
rted-  constructed  with  the  proverbial  art  that  conceals,  but  yet  allows  "self  to  be 
enjoyed Waders to  whomfine  literary  method  is  a  keen  pleasure  ;  true  ^ thou 
cynidsm.subtle  without  affectation,  humorous,  without  strain,  witty  without 
offence,  inevitably  sad,  with  an  unmorose  simplicity.  —World. 

■  Immeasurably  better  than  anything  Mr.  Hope  has  done  before  A  novel  eminently 
worth  reading,  full  of  brilliance,  fire,  and  ^\n%:-M™chestcr  Guardian 

'  Ruston  is  drawn  with  extraordinary  skill,  and  MW^^"^ 
strokes.  The  minor  characters  are  clear  cut.  In  short  the  bookis a  t),  miaiu  onc 
'•The  God  in  the  Car"  is  one  of  the  most  remarkable  works  ln  a  j eaj  that  has 
given  us  the  handiwork  of  nearly  all  our  best  living  novelists.  -Standard. 

Baring  Gould.  KITTY  ALONE.  By  S.  Baring  Gould, 
Author  of  'Mehalah,'  'Cheap  Jack  Zita,'  etc.  Second  Edition. 
Crown  Svo.    6s.  .    .  . 

<  If  anv  one  wants-and  in  days  when  so  much  fiction  is  morbid  and  depressing  it  is 
"to'tLTed't  of  human  nature  to  believe  that  many persons 
brisk,  clever,  keen,  healthy,  humorous,  and  interesting,  he  can  scarcely  Qo  Better 
than  order  "Kitty  Alone."  '—National  Observer. 
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Norris.  MATTHEW  AUSTIN.  By  W.  E.  Norris,  Author  of 
'  Md!e.  de  Mersac,'  etc.    Second  Edition.    Crown  Svo.  6s. 

'  It  would  be  a  strangely  unsympathetic  and  cynical  person  who  could  read  the  life- 
story  of  Matthew  Austin,  the  singularly  unselfish  and  gentle-natured  country 
doctor,  without  affectionate  sympathy  .  .  .  "Matthew  Austin"  may  safely  be 
pronounced  one  of  the  most  intellectually  satisfactory  and  morally  bracing  novels 
of  the  current  year.' — Daily  Telegraph. 

Mrs.  Watson.  THIS  MAN'S  DOMINION.  By  the  Author 
of  '  A  High  Little  World. '  Second  Edition.  Crown  %vo.  y.  6d. 
'  It  is  not  a  book  to  be  read  and  forgotten  on  a  railway  journey,  but  it  is  rather  a 
study  of  the  perplexing  problems  of  life,  to  which  the  reflecting  mind  will 
frequently  return,  even  though  the  reader  does  not  accept  the  solutions  which  the 
author  suggests.  In  these  days,  when  the  output  of  merely  amusing  novels  is  so 
overpowering,  this  is  no  slight  praise.  There  is  an  underlying  depth  in  the  story 
which  reminds  one,  in  a  lesser  degree,  of  the  profundity  of  George  Eliot,  and 
"This  Man's  Dominion  "  is  by  no  means  a  novel  to  be  thrust  aside  as  exhausted  at 
one  perusal.' — Dundee  Advertiser. 

Richard  Pryce.  WINIFRED  MOUNT.  By  Richard  Pryce. 
Second  Edition.    Crown  8vo.    35.  6d. 

The  '  Sussex  Daily  News '  called  this  book  '  a  delightful  story,'  and  said  that  the 
writing  was  '  uniformly  bright  and  graceful. '  The  '  Daily  Telegraph '  said  that  the 
author  was  a  '  deft  and  elegant  story-teller,'  and  that  the  book  was  '  an  extremely 
clever  story,  utterly  untainted  by  pessimism  or  vulgarity.' 

History 

Gibhon.  THE  DECLINE  AND  FALL  OF  THE  ROMAN 
EMPIRE.  By  Edward  Gibbon.  A  New  Edition,  edited  with 
Notes  and  Appendices  and  Maps  by  J.  B.  Bury,  M.A.,  Fellow  of 
Trinity  College,  Dublin.    In  Seven  Volumes.    Crown  Svo. 

The  time  seems  to  have  arrived  for  a  new  edition  of  Gibbon's  great  work — furnished 
with  such  notes  and  appendices  as  may  bring  it  up  to  the  standard  of  recent  his- 
torical research.  Edited  by  a  scholar  who  has  made  this  period  his  special  study, 
and  issued  in  a  convenient  form  and  at  a  moderate  price,  this  edition  should  fill 
an  obvious  void. 

Horsburgh.  THE  CAMPAIGN  OF  WATERLOO.  By  E.  L. 
S.  Horsburgh,  M.A.    With  Plans.    Crown  %vo.  $s. 

This  is  a  full  account  of  the  final  struggle  of  Napoleon,  and  contains  a  careful  study 
from  a  strategical  point  of  view  of  the  movements  of  the  French  and  allied  armies. 

George.  BATTLES  OF  ENGLISH  HISTORY.  By  H.  B. 
George,  M.A.,  Fellow  of  New  College,  Oxford.  With  numerous 
Plans.  Crown  Svo.  6s. 
This  book,  by  a  well-known  authority  on  military  history,  will  be  an  important 
contribution  to  the  literature  of  the  subject.  All  the  great  battles  of  English 
history  are  fully  described,  and  connecting  chapters  carefully  treat  of  the  changes 
wrought  by  new  discoveries  and  developments. 
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Oscar  Browning.   THE  AGE  OF  THE  CONDOTTIERI :  A 

Short  History  of  Italy  from  1409  to  1530.    By  Oscar  Browning, 
M.  A.,  Fellow  of  King's  College,  Cambridge.    Crown  Svo.  $s- 
This  book  is  a  continuation  of  Mr.  Browning's  1  Guelphs  and  Ghibelhnes,'  and  the 
two  works  form  a  complete  account  of  Italian  history  from  1250  to  1530. 


Southey.  ENGLISH  SEAMEN  (Howard,  Clifford,  Hawkins, 
Drake,  Cavendish).  By  Robert  Southey.  Edited,  with  an 
Introduction,  by  David  Hannay.    Crown  Svo.  6s. 

This  is  a  reprint  of  some  excellent  biographies  of  Elizabethan  seamen,  written  by 
Southey  and  never  republished.  They  are  practically  unknown,  and  they  de- 
serve, and  will  probably  obtain,  a  wide  popularity. 

Cutts.  AUGUSTINE  OF  CANTERBURY.  By  E.  L. 
Cutts,  D.D.    Crown  Svo.    y.  6d.  [Leaders  of  Religion. 

A  biography  of  the  first  Archbishop  of  Canterbury,  containing  a  fairly  fuU  account 
of  the  conversion  of  England. 

Hutton.  WILLIAM  LAUD,  ARCHBISHOP  OF  CANTER- 
BURY :  A  Biography.  By  W.  H.  Hutton,  M.A.,  Fellow  and 
and  Tutor  of  St.  John's  College,  Oxford.    Crown  Svo.    3s.  6d. 


Mr.  Hutton  has  made  a  special  study  of  the  life  and  times  of  Laud,  and  as  the 
guardian  of  the  Laudian  relics  and  mss.  at  Oxford,  has  been  able  to  throw  new 
light  on  various  episodes  in  his  career. 

Mrs.  Oliphant.  THOMAS  CHALMERS.  By  Mrs.  Oliphant. 
With  a  Portrait.    Second  Edition.    Crown  Svo.    ?,s.  6d. 


Lock.    JOHN  KEBLE.    By  Walter  Lock,  Sub-Warden  of 
Keble  College.    With  a  Portrait.    Seventh  Edition.    Crown  Svo. 


Flinders  Petrie.  EGYPTIAN  DECORATIVE  ART.  By 
W.  M.  Flinders  Petrie,  D.C.L.  With  120  Illustrations.  Crown 
Svo.    y.  6d. 

A  book  which  deals  with  a  subject  which  has  never  yet  been  seriously  treated. 
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Flinders  Petrie.  EGYPTIAN  TALES.  Edited  by  W.  M. 
Flinders  Petrie.  Illustrated  by  Tristram  Ellis.  Crown  Svo. 
3s.  6d. 

A  selection  of  the  ancient  tales  of  Egypt,  edited  from  original  sources,  and  of  great 
importance  as  illustrating  the  life  and  society  of  ancient  Egypt. 

Ouida.   ESSAYS  by  Ouida.    Crown  Svo.  6s. 
This  volume  contains  the  following  articles  : — 

The  New  Woman. 
Death  and  Pity. 
Conscription. 


Vulgarity. 
O  Beati  Insipientes  1 
Cities  of  Italy. 
The  Failure  of  Christianity. 
The  Sins  of  Society. 
The  Passing  of  Philomel. 
The  Italy  of  To-day. 
The  Blind  Guides  of  Italy. 
L'Uomo  Fatale. 


Shelley. 

Some  Fallacies  of  Science. 
Female  Suffrage. 
Gardens. 

The  State  as  an  Immoral  Factor. 
The  Penalties  of  a  Well-Known  Name. 


Oliphant.  THE  FRENCH  RIVIERA.  By  Mrs.  Oliphant 
and  F.  R.  Oliphant.  With  Illustrations  and  Maps.  Crown  Svo. 
6s. 

A  volume  dealing  with  the  French  Riviera  from  Toulon  to  Mentone.  Without  fall- 
ing within  the  guide-book  category,  the  book  will  supply  some  useful  practical 
information,  while  occupying  itself  chiefly  with  descriptive  and  historical  matter. 
A  special  feature  will  be  the  attention  directed  to  those  portions  of  the  Riviera, 
which,  though  full  of  interest  and  easily  accessible  from  many  well-frequented 
spots,  are  generally  left  unvisited  by  English  travellers,  such  as  the  Maures 
Mountains  and  the  St.  Tropez  district,  the  country  lying  between  Cannes,  Grasse 
and  the  Var,  and  the  magnificent  valleys  behind  Nice.  There  will  be  several 
original  illustrations. 

Shedlock.    THE  PIANOFORTE  SONATA:  Its  Origin  and 
Development.    By  J.  S.  Shedlock.    Crown  Svo.  5s. 
This  is  a  practical  and  not  unduly  technical  account  of  the  Sonata  treated  histori- 
cally.   It  contains  several  novel  features,  and  an  account  of  various  works  little 
known  to  the  English  public. 

Dixon.  A  PRIMER  OF  TENNYSON.  By  W.  M.  Dixon, 
M.A.,  Professor  of  English  Literature  at  Mason  College.  Fcap.  Svo. 
is.  6d. 

This  book  consists  of  (1)  a  succinct  but  complete  biography  of  Lord  Tennyson; 
(2)  an  account  of  the  volumes  published  by  him  in  chronological  order,  dealing  with 
the  more  important  poems  separately  ;  (3)  a  concise  criticism  of  Tennyson  in  his 
various  aspects  as  lyrist,  dramatist,  and  representative  poet  of  his  day;  (4)  a 
bibliography.  Such  a  complete  book  on  such  a  subject,  and  at  such  a  moderate 
price,  should  find  a  host  of  readers. 
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THE  CHRISTIAN  YEAR.  By  JOHN  Keble.  With  an  Intro- 
duction and  Notes  by  W  LOCK,  M.  A.,  Sub-Warden  of  Keble  College, 
Author  of  'The  Life  of  John  Keble.'  Illustrated  by  R.  Anning 
Bell.    Fcap.  8vo.    2s-  &d. 

A  charming  edition  of  a  famous  book,  finely  illustrated  and  printed  in  black  and  red, 
uniform  with  the  '  Imitation  of  Christ.' 

Theobald.  INSECT  LIFE.  By  F.  W.  Theobald,  M.A. 
Illustrated.    Crown  8vo.    2S.  6d.  [  Univ.  Extension  Series. 


Messrs.  Methuen  propose  to  publish,  under  this  title,  a  series  of  the  masterpieces  of 
the  English  tongue,  which,  while  well  within  the  reach  of  the  average  buyer,  shall 
be  at  once  an  ornament  to  the  shelf  of  him  that  owns,  and  a  delight  to  the  eye  of 
him  that  reads. 

The  series,  of  which  Mr.  William  Ernest  Henley  is  the  general  editor,  will  confine 
itself  to  no  single  period  or  department  of  literature.  Poetry,  fiction,  drama, 
biography,  autobiography,  letters,  essays— in  all  these  fields  is  the  material  of 
many  goodly  volumes. 

The  books,  which  are  designed  and  printed  by  Messrs.  Constable,  will  be  issued  in 
two  editions— (i)  A  small  edition,  on  the  finest  Japanese  vellum,  demy  8vo,  ais.  a 
volume  nett ;  (2)  The  popular  edition  on  laid  paper,  crown  8vo,  buckram,  31.  6d.  a 
volume. 

The  following  are  some  notices  which  have  appeared  on  '  TRISTRAM 
SHANDY,'  the  first  volume  of  the  series  :— 

'  Very  dainty  volumes  are  these ;  the  paper,  type,  and  light  green  binding  are  all 
very  agreeable  to  the  eye.  "  Simplex  munditiis"  is  the  phrase  that  might  be 
applied  to  them.  So  far  as  we  know,  Sterne's  famous  work  has  never  appeared  in 
a  guise  more  attractive  to  the  connoisseur  than  this.' — Globe. 

'  The  book  is  excellently  printed  by  Messrs.  Constable  on  good  paper,  and  being 
divided  into  two  volumes,  is  light  and  handy  without  lacking  the  dignity  of  a 
classic. ' — Manchester  Guardian. 

'This  new  edition  of  a  great  classic  might  make  an  honourable  appearance  in  any 
library  in  the  world.  Printed  by  Constable  on  laid  paper,  bound  in  most  artistic 
and  restful-looking  fig-green  buckram,  with  a  frontispiece  portrait  and  an  introduc- 
tion by  Mr.  Charles  Whibley,  the  book  might  well  be  issued  at  three  times  lis 
present  price.' — Irish  Independent. 

'  Cheap  and  comely  ;  a  very  agreeable  edition,'— Saturday  Review. 

'A  real  acquisition  to  the  library.'— Birmingham  rust. 


Classics 
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THE  COMEDIES  OF  WILLIAM  CONGREVE.     With  an 
Introduction  by  G.  S.  Street,  and  a  Portrait.    2  vols. 
25  copies  on  Japanese  paper. 

THE  LIVES  OF  DONNE,  WOTTON,  HOOKER,  HERBERT, 
and  SANDERSON.    By  Izaak  Walton.    With  an  Introduction 
by  Vernon  Blackburn,  and  a  Portrait. 
25  copies  on  Japanese  paper. 

THE  ADVENTURES  OF  HADJI  BABA  OF  ISPAHAN. 
By  James  Morier.    With  an  Introduction  by  E.  S.  Browne,  M.  A. 
25  copies  on  Japanese  paper. 

THE  POEMS  OF  ROBERT  BURNS.    With  an  Introduction 
by  W.  E.  Henley,  and  a  Portrait.    2  vols. 
30  copies  on  Japanese  paper. 

THE  LIVES  OF  THE  ENGLISH  POETS.     By  Samuel 
Johnson,  LL.D.     With  an  Introduction  by  John  Hepburn 
Millar,  and  a  Portrait.    3  vols. 
30  copies  on  Japanese  paper. 


Classical  Translations 

NEW  VOLUMES 
Crown  Svo.    Finely  printed  and  bound  in  blue  buckram. 

SOPHOCLES— Electra  and  Ajax.  Translated  by  E.  D.  A. 
Morshead,  M.A.,  late  Scholar  of  New  College,  Oxford;  Assistant 
Master  at  Winchester,    zs.  6d. 

TACITUS — Agricola  and  Germania.  Translated  by  R.  B. 
Townshrnd,  late  Scholar  of  Trinity  College,  Cambridge.    2s.  6d. 

A  2 
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Poetry 

Rudyard   Kipling.     BARRACK-ROOM    BALLADS;  And 

Other  Verses.  By  Rudyard  Kipling.  Seventh  Edition.  Crown 
8vo.  6s. 

A  Special  Presentation  Edition,  bound  in  white  buckram,  with 
extra  gilt  ornament.    7*.  6d. 

'Mr.  Kipling's  verse  is  strong,  vivid,  full  of  character.  .  .  .  Unmistakable  genius 
rings  in  every  line.' — Times. 

'The  disreputable  lingo  of  Cockayne  is  henceforth  justified  before  the  world  ;  for  a 
man  of  genius  has  taken  it  in  hand,  and  has  shown,  beyond  all  cavilling,  that  in 
its  way  it  also  is  a  medium  for  literature.  You  are  grateful,  and  you  say  to 
yourself,  half  in  envy  and  half  in  admiration :  "  Here  is  a  book  ;  here,  or  one  is  a 
Dutchman,  is  one  of  the  books  of  the  year."  '—National  Observer. 

'"Barrack-Room  Ballads"  contains  some  of  the  best  work  that  Mr.  Kipling  has 
ever  done,  which  is  saying  a  good  deal.  "  Fuzzy-Wuzzy,"  "Gunga  Din,"  and 
"  Tommy,"  are,  in  our  opinion,  altogether  superior  to  anything  of  the  kind  that 
English  literature  has  hitherto  produced.'— A  the neeum. 

•  These  ballads  are  as  wonderful  in  their  descriptive  power  as  they  are  vigorous  in 
their  dramatic  force.  There  are  few  ballads  in  the  English  language  more 
stirring  than  "The  Ballad  of  East  and  West, "  worthy  to  stand  by  the  Border 
ballads  of  Scott.'— Spectator. 

'The  ballads  teem  with  imagination,  they  palpitate  with  emotion.  We  read  them 
wich  laughter  and  tears ;  the  metres  throb  in  our  pulses,  the  cunningly  ordered 
words  tingle  with  life  ;  and  if  this  be  not  poetry,  what  \sV—Pall  Mall  Gazette. 

Henley.  LYRA  HEROICA:  An  Anthology  selected  from  the 
best  English  Verse  of  the  i6th,  17th,  18th,  and  19th  Centuries.  By 
William  Ernest  Henley,  Author  of  'A  Book  of  Verse,'  'Views 
and  Reviews,'  etc.  Crown  8vo.  Stamped  gilt  buckram,  gilt  top, 
edges  uncut.  6s. 

'  Mr.  Henley  has  brought  to  the  task  of  selection  an  instinct  alike  for  poetry  and  for 
chivalry  which  seems  to  us  quite  wonderfully,  and  even  unerringly,  right.  — 
Guardian. 

Jane  Barlow.  THE  BATTLE  OF  THE  FROGS  AND  MICE, 
translated  by  Jane  Barlow,  Author  of  « Irish  Idylls,'  and  pictured 
by  F.  D.  Bedford.    Small  $to.    6s.  net. 

This  is  a  new  version  of  a  famous  old  fable.  Miss  Barlow,  whose  brilliant  volume 
of  '  Irish  Idylls  '  has  gained  her  a  wide  reputation,  has  told  the  story  in  spirited 
flowing  verse,  and  Mr.  Bedford's  numerous  illustrations  and  ornaments  are  as 
spirited  as  the  verse  they  picture. 
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Tomson.  A  SUMMER  NIGHT,  AND  OTHER  POEMS.  By 
Graham  R.  Tomson.  With  Frontispiece  by  A.  Tomson.  Fcap. 
Svo.    y.  6d. 

An  edition  on  hand-made  paper,  limited  to  50  copies.    10s.  6d.  net. 

'Mrs.  Tomson  holds  perhaps  the  very  highest  rank  among  poetesses  of  English  birth. 
This  selection  will  help  her  reputation.' — Black  and  White. 

Ibsen.  BRAND.  A  Drama  by  Henrik  Ibsen.  Translated  by 
William  Wilson.    Crown  Svo.    Second  Edition,    y.  6d. 

'The  greatest  world-poem  of  the  nineteenth  century  next  to  "Faust."  "Brand" 
will  have  an  astonishing  interest  for  Englishmen.  It  is  in  the  same  set  with 
"Agamemnon,"  with  "  Lear,"  with  the  literature  that  we  now  instinctively  regard 
as  high  and  holy.' — Daily  Chronicle. 

"  Q."  GREEN  BAYS  :  Verses  and  Parodies.    By  "  Q.,»  Author 

of 'Dead  Man's  Rock,' etc.    Second  Edition.    Fcap.  Svo.    3s.  6d. 

'  The  verses  display  a  rare  and  versatile  gift  of  parody,  great  command  of  metre,  and 
a  very  pretty  turn  of  humour.'—  Times. 

"A.  G-."  VERSES  TO  ORDER.  By  "AG."  Cr.Svo.  2s.  6d. 
net. 

A  small  volume  of  verse  by  a  writer  whose  initials  are  well  known  to  Oxford  men. 
A  capital  specimen  of  light  academic  poetry.    These  verses  are  very  bright  and 
engaging,  easy  and  sufficiently  witty.'— St.  James's  Gazette. 

Eosken.  VERSES  BY  THE  WAY.  By  J.  D.  Hosken. 
Crown  Svo.  $s. 

A  small  edition  on  hand-made  paper.    Price  12s.  6d.  net, 

A  Volume  of  Lyrics  and  Sonnets  by  J.  D.  Hosken,  the  Postman  Poet.  O  the 
Author  of  'The  Splendid  Spur,'  writes  a  critical  and  biographical  intro- 
duction. 

Gale.   CRICKET  SONGS.   By  Norman  Gale.   Crown  Zvo. 

Linen.    2s.  6d. 

Also  a  limited  edition  on  hand-made  paper.  Demy  Svo.  ios.  6d. 
net. 

'They  are  wrung  out  of  the  excitement  of  the  moment,  and  palpitate  with  the  spirit 

of  the  game. ' — Star. 

'  As  healthy  as  they  are  spirited,  and  ought  to  have  a  great  success.'  Times. 

'  Simple,  manly,  and  humorous.  Every  cricketer  should  buy  the  book.'— Westminster 

Gazette.  '  Cricket  has  never  known  such  a  singer.' — Cricket. 

Langbridge.  BALLADS  OF  THE  BRAVE :  Poems  of  Chivalry, 
Enterprise,  Courage,  and  Constancy,  from  the  Earliest  Times  to  the 
Present  Day.  Edited,  with  Notes,  by  Rev.  F.  Langbridge. 
Crown  Svo.    Buckram  3*.  6d.    School  Edition,  2s.  6d. 

•A  very  happy  conception  happily  carried  out.  These  "  Ballads  of  the  Brave  "  are 
intended  to  suit  the  real  tastes  of  boys,  and  will  suit  the  taste  of  the  great  maioritv  ' 
-Spectator.  '  The  book  is  full  of  splendid  things.  •-World. 
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English  Classics 

Edited  by  W.  E.  Henley. 

Messrs  Methuen  are  publishing,  under  this  title,  a  series  of  the  masterpieces  of  the 
English  tongue,  which,  while  well  within  the  reach  of  the  average  buyer,  shall  be 
at  once  an  ornament  to  the  shelf  of  him  that  owns,  and  a  delight  to  the  eye  of 
him  that  reads.  .  ,  , 

The  series,  of  which  Mr.  William  Ernest  Henley  is  the  general  editor,  will  confine 
itself  to  no  single  period  or  department  of  literature.  Poetry,  fiction,  drama, 
biography,  autobiography,  letters,  essays— in  all  these  fields  is  the  material  of 
many  goodly  volumes.  .  . 

The  books,  which  are  designed  and  printed  by  Messrs.  Constable,  are  issued  in  two 
editions— (i)  A  small  edition,  on  the  finest  Japanese  vellum,  demy  8vo,  21s.  a 
volume  nett ;  (2)  the  popular  edition  on  laid  paper,  crown  8vo,  3*.  6d.  a  volume. 

THE  LIFE  AND  OPINIONS  OF  TRISTRAM  SHANDY. 
By  Lawrence  Sterne.     With  an  Introduction  by  Charles 
Whibley,  and  a  Portrait.    2  vols.  7s. 
60  copies  on  Japanese  paper.  42J. 

1  Very  dainty  volumes  are  these  ;  the  paper,  type  and  light  green  binding  are  all 
very  agreeable  to  the  eye.  "Simplex  munditiis  "  is  the  phrase  that  might  be 
applied  to  them.  So  far  as  we  know,  Sterne's  famous  work  has  never  appeared  in 
a  guise  more  attractive  to  the  connoisseur  than  this.'— Globe.  _ 

'The  book  is  excellently  printed  by  Messrs.  Constable  on  good  paper,  and  being 
divided  into  two  volumes,  is  light  and  handy  without  lacking  the  dignity  of  a 
classic' — Manchester  Guardian. 

'This  new  edition  of  a  great  classic  might  make  an  honourable  appearance  in  any 
library  in  the  world.  Printed  by  Constable  on  laid  paper,  bound  in  most  artistic 
and  restful-looking  fig-green  buckram,  with  a  frontispiece  portrait  and  an  introduc- 
tion by  Mr.  Charles  Whibley,  the  book  might  well  be  issued  at  three  times  its 
present  price.' — Irish  Independent. 

'Cheap  and  comely;  a  very  agreeable  edition.  —Saturday  Review. 

1 A  real  acquisition  to  the  library.'— Birmingham  Post. 


History 

Flinders  Petrie.    A  HISTORY  OF  EGYPT,  from  the 
Earliest  Times  to  the  Hyksos.    By  W.  M.  Flinders  Petrie, 
D. C. L.,  Professor  of  Egyptology  at  University  College.    Fully  lllus- 
,  trated.    Crown  Svo.  6s. 

'An  important  contribution  to  scientific  study.'— Scotsman. 

•  A  history  written  in  the  spirit  of  scientific  precision  so  worthily  represented  by  Dr. 
Petrie  and  his  school  cannot  but  promote  sound  and  accurate  study,  and  supply  a 
vacant  place  in  the  English  literature  of  Egyptology.'— Times. 

Flinders  Petrie.  TELL  EL  AMARNA.  By  W.  M.  Flinders 
Petrie,  D.C.L.  With  chapters  by  Professor  A.  H.  Sayce,  D.D.; 
F.  Ll.  Griffith,  F.S.A.;  and  F.  C.  J.  Spdrrell,  F.G.S.  With 
numerous  coloured  illustrations.    Royal  $to.    20s.  ntt. 
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Clark.   THE  COLLEGES  OF  OXFORD  :  Their  History  and 

their  Traditions.  By  Members  of  the  University.  Edited  by  A. 
Clark,  M.  A.,  Fellow  and  Tutor  of  Lincoln  College.   Svo.    12s.  6d. 

•Whether  the  reader  approaches  the  book  as  a  patriotic  member  of  a  college,  as  an 
antiquary,  or  as  a  student  of  the  organic  growth  of  college  foundation,  it  will  amply 
reward  his  attention.' — Times. 
'  A  delightful  book,  learned  and  lively.' — Academy. 

'A  work  which  will  certainly  be  appealed  to  for  many  years  as  the  standard  book  on 
the  Colleges  of  Oxford.' — Athaueum. 


Perrens.  THE  HISTORY  OF  FLORENCE  FROM  THE 
TIME  OF  THE  MEDICIS  TO  THE  FALL  OF  THE 
REPUBLIC.  By  F.  T.  Perrens.  Translated  by  Hannah 
Lynch.    In  Three  Volumes.     Vol.  I.    Svo.    12s.  6d. 


This  is  a  translation  from  the  French  of  the  best  history  of  Florence  in  existence. 
This  volume  covers  a  period  of  profound  interest — political  and  literary — and 
is  written  with  great  vivacity. 

'  This  is  a  standard  book  by  an  honest  and  intelligent  historian;  who  has  deserved 
well  of  his  countrymen,  and  of  all  who  are  interested  in  Italian  history.' — Man- 
chester Guardian. 

Browning.  GUELPHSAND  GHIBELLINES:  A  Short  History 
of  Mediaeval  Italy,  A.D.  1250-1409.  By  Oscar  Browning,  Fellow 
and  Tutor  of  King's  College,  Cambridge.  Second  Edition.  Crown 
Svo.  $s. 

'A  very  able  book.' — Westminster  Gazette. 

'A  vivid  picture  of  mediaeval  Italy.' — Standard 


O'Grady.     THE  STORY  OF  IRELAND.     By  Standish 
O'Grady,  Author  of  '  Finn  and  his  Companions.'    Cr.  Svo.    2s.  6d. 


'  Novel  and  very  fascinating  history.    Wonderfully  alluring.' — Cork  Examiner. 

1  Most  delightful,  most  stimulating.    Its  racy  humour,  its  original  imaginings,  its 

perfectly  unique  history,  make  it  one  of  the  freshest,  breeziest  volumes.' — 

Methodist  Times. 
'A  survey  at  once  graphic,  acute,  and  quaintly  written.' — Times. 


Maiden.     ENGLISH    RECORDS.     A   Companion  to  the 
History  of  England.    ByH.  E.  Malden,  M.A.    Crown  Svo.  3^.  6d. 


A  book  which  aims  at  concentrating  information  upon  dates,  genealogy,  officials, 
constitutional  documents,  etc.,  which  is  usually  found  scattered  in  different 
volumes. 


Collingwood.    JOHN  RUSKIN :  His  Life  and  Work.  By 

W.  G.  Collingwood,  M.A.,  Editor  of  Mr.   Ruskin's  Poems. 

2  vols.    Svo.    22s.    Second  Edition. 

This  important  work  Is  written  by  Mr.  Collingwood,  who  has  been  for  some  years 
Mr.  Ruskin's  private  secretary,  and  who  has  had  unique  advantages  in  obtaining 
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materials  for  this  book  from  Mr.  Ruskin  himself  and  from  his  friends.  It  contains 
a  large  amount  of  new  matter,  and  of  letters  which  have  never  been  published, 
and  is,  in  fact,  a  full  and  authoritative  biography  of  Mr.  Ruskin.  The  book 
contains  numerous  portraits  of  Mr.  Ruskin,  including  a  coloured  one  from  a 
water-colour  portrait  by  himself,  and  also  13  sketches,  never  before  published,  by 
Mr.  Ruskin  and  Mr.  Arthur  Severn.    A  bibliography  is  added. 

'  No  more  magnificent  volumes  have  been  published  for  a  long  time.  .  .  .' — Times. 

'  This  most  lovingly  written  and  most  profoundly  interesting  book.' — Daily  News. 

'  It  is  long  since  we  have  had  a  biography  with  such  varied  delights  of  substance 
and  of  form.  Such  a  book  is  a  pleasure  for  the  day,  and  a  joy  for  ever.' — Daily 
Chronicle. 

'  Mr.  Ruskin  could  not  well  have  been  more  fortunate  in  his  biographer.' — Globe. 
1 A  noble  monument  of  a  noble  subject.    One  of  the  most  beautiful  books  about  one 
of  the  noblest  lives  of  our  century.' — Glasgow  Herald. 

Waldstein.   JOHN  RUSKIN  :  a  Study.    By  Charles  Wald- 
STEIN,  M.  A.,  Fellow  of  King's  College,  Cambridge.    With  a  Photo- 
gravure Portrait  after  Professor  Hkrkomer.    Post  Svo.  $s. 
Also  25  copies  on  Japanese  paper.    Demy  Svo.  21s. 

'Ruskinites  will  no  doubt  arise  and  join  battle  with  Mr.  Waldstein,  who,  all  the 
same  has  produced  a  remarkably  fine  piece  of  criticism,  which  is  well  worth  read- 
ing for  its  own  sake.' — Glasgow  Herald. 

'A  thoughtful,  impartial,  well- written  criticism  of  Ruskin's  teaching,  intended  to 
separate  what  the  author  regards  as  valuable  and  permanent  from  what  is  transient 
and  erroneous  in  the  great  master's  writing.' — Daily  Chronicle. 

Bobbins.  THE  EARLY  LIFE  OF  WILLIAM  EWART 
GLADSTONE.  By  A.  F.  Robbins.  With  Portraits.  Crown 
Svo.  6s. 

'  The  earlier  years  of  Mr.  Gladstone's  political  life  stand  out  all  the  more  finely,  and 
leave  a  more  enduring  impression,  because  of  the  absolute  truthfulness  and  con- 
scientiousness with  which  the  record  has  been  penned.' — Glasgow  Herald. 

'  Considerable  labour  and  much  skill  of  presentation  have  not  been  unworthily 
expended  on  this  interesting  work.' — Times. 

'  By  immense  labour,  guided  by  a  competent  knowledge  of  affairs,  he  has  given  us  a 
book  which  will  be  of  permanent  value  to  the  student  of  political  history.  It  is 
exhaustively  indexed,  and  accompanied  by  three  portraits.' — Yorkshire  Post. 

'Not  only  one  of  the  most  meritorious,  but  one  of  the  most  interesting,  biographical 
works  that  have  appeared  on  the  subject  of  the  ex-Premier.  ...  It  furnishes  a 
picture  from  many  points  original  and  striking  ;  it  makes  additions  of  value  to  the 
evidence  on  which  we  are  entitled  to  estimate  a  great  public  character ;  and  it 
gives  the  reader's  judgment  exactly  that  degree  of  guidance  which  is  the  function 
of  a  calm,  restrained,  and  judicious  historian.' — Birmingham  Daily  Post. 

'A  carefully-planned  narrative,  into  which  is  woven  a  great  deal  of  information.  .  .  . 
It  is  pretty  safe  to  predict  that  this  volume  will  not  only  be  read  but  retained  on 
library  bookshelves  as  a  useful  book  of  reference.' — Daily  News. 

Clark  Russell.  THE  LIFE  OF  ADMIRAL  LORD  COL- 
LINGWOOD.  By  W.  Clark  Russell,  Author  of  '  The  Wreck 
of  the  Grosvenor.'  With  Illustrations  by  F.  Brangwyn.  Second 
Edition.    Crown  Svo.  6s. 

'  A  really  good  book.' — Saturday  Review. 

'  A  most  excellent  and  wholesome  book,  which  we  should  like  to  see  in  the  hands  of 
•very  boy  in  the  country.'— 3V.  Jamts's  Gazette. 
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Gladstone.  THE  SPEECHES  AND  PUBLIC  ADDRESSES 
OF  THE  RT.  HON.  W.  E.  GLADSTONE,  M.P.  With  Notes 
and  Introductions.  Edited  by  A.  W.  Hutton,  M.A.  (Librarian  of 
the  Gladstone  Library),  and  H.  J.  Cohen,  M.A.  With  Portraits. 
8vo.     Vols.  IX.  and  X.    12s.  6d.  each. 

Henley  and  Whibley.    A  BOOK  OF  ENGLISH  PROSE. 
Collected  by  W.  E.  Henley  and  Charles  Whibley.  Cr.  Zvo.  6s. 
Also  40  copies  on  Dutch  paper.    21s.  net. 
Also  15  copies  on  Japanese  paper.    42 s.  net. 

' A  unique  volume  of  extracts — an  art  gallery  of  early  prose. ' — Birmingham  Post. 
'  The  book  is  delightfully  got  up,  being  printed  by  Messrs.  Constable,  who  have 

evidently  bestowed  most  loving  care  upon  it. ' — Publishers'  Circular. 
'  The  anthology  is  one  every  lover  of  good  writing  and  quaint  English  will  enjoy.' — 

Literary  World. 

'  An  admirable  companion  to  Mr.  Henley's  "Lyra  Heroica."  — Saturday  Review. 

1  Quite  delightful.  The  choice  made  has  been  excellent,  and  the  volume  has  been 
most  admirably  printed  by  Messrs.  Constable.  A  greater  treat  for  those  not  well 
acquainted  with  pre-Restoration  prose  could  not  be  imagined.' — Athcnceum. 

Wells.  OXFORD  AND  OXFORD  LIFE.  By  Members  of 
the  University.  Edited  by  J.  Wells,  M.A.,  Fellow  and  Tutor  of 
Wadham  College.    Crown  8vo.    3s.  6d. 

This  work  contains  an  account  of  life  at  Oxford — intellectual,  social,  and  religious — 
a  careful  estimate  of  necessary  expenses,  a  review  of  recent  changes,  a  statement 
of  the  present  position  of  the  University,  and  chapters  on  Women's  Education, 
aids  to  study,  and  University  Extension. 

'  We  congratulate  Mr.  Wells  on  the  production  of  a  readable  and  intelligent  account 
of  Oxford  as  it  is  at  the  present  time,  written  by  persons  who  are,  with  hardly  an 
exception,  possessed  of  a  close  acquaintance  with  the  system  and  life  of  the 
University. ' — A  ihenceum. 

Cnalmers  Mitchell.  OUTLINES  OF  BIOLOGY.  By  P. 
Chalmers  Mitchell,  M.A.,  F.Z.S.  Fully  Illustrated.  Crown 
Svo.  6s. 

A  text-book  designed  to  cover  the  new  Schedule  issued  by  the  Royal  College  of 
Physicians  and  Surgeons. 

Dixon.  ENGLISH  POETRY  FROM  BLAKE  TO  BROWN- 
ING.   By  W.  M.  Dixon,  M.A.    Crown  8vo.    3s.  6d. 

A  Popular  Account  of  the  poetry  of  the  Century. 

'Scholarly  in  conception,  and  full  of  sound  and  suggestive  criticism.' — Times. 
'The  book  is  remarkable  for  freshness  of  thought  expressed  in  graceful  language.' — 
Manchester  Examiner. 

Bowden.  THE  EXAMPLE  OF  BUDDHA:  Being  Quota- 
tions from  Buddhist  Literature  for  each  Day  in  the  Year.  Compiled 
by  E.  M.  Bowden.  With  Preface  by  Sir  Edwin  Arnold.  Third 
Edition.    \6mo.    2s.  6d. 
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Massee.  A  MONOGRAPH  OF  THE  MYXOGASTRES.  By 
George  Massee.    With  12  Coloured  Plates.    Royal  Svo.    iSs.  net. 

'A  work  much  in  advance  of  any  book  in  the  language  treating  of  this  group  o! 
organisms.  It  is  indispensable  to  every  student  of  the  Myxogastres.  The 
coloured  plates  deserve  high  praise  for  their  accuracy  and  execution.' — Nature. 

Bushill.  PROFIT  SHARING  AND  THE  LABOUR  QUES- 
TION. By  T.  W.  Bushill,  a  Profit  Sharing  Employer.  With  an 
Introduction  by  Sedley  Taylor,  Author  of  '  Profit  Sharing  between 
Capital  and  Labour."    Crown  Svo.    2s.  6d. 

Jenks.  ENGLISH  LOCAL  GOVERNMENT.  By  E  Jenks, 
M.A.,  Professor  of  Law  at  University  College,  Liverpool.  Crown 
Svo.    2s.  6d. 

'The  work  is  admirably  done.  Everything  the  average  man  will  wish  to  know 
respecting  the  history  and  bearing  of  the  subject  he  is  likely  to  learn  from  Professor 
Jenks.  He  is  told  something  of  the  origin  of  every  form  of  the  government  under 
which  he  lives  and  is  rated,  and  may  learn  sufficient  of  the  duties  and  powers  of 
local  bodies  to  enable  him  to  take  an  intelligent  interest  in  their  work.' — Western 
Morning  News. 

'  Timely  and  admirable.' — Scotsman. 

'  Mr.  Jenks  undertakes  to  give  in  a  brief  compass  an  accurate  description  of  the 
public  bodies  and  authorities  by  which  we  are  surrounded,  while  just  glancing 
here  and  there  at  their  origin  and  historical  continuity  through  the  ages.  A 
subject  of  much  complexity  is  here  judiciously  summarised.' — Daily  News. 

'  We  can  cordially  recommend  the  book  as  giving  an  excellent  outline  in  general 
terms  of  English  local  government.' — School  Guardian. 

Maiden.    THE  ENGLISH  CITIZEN:  His  Rights  and 
Duties.    By  H.  E.  Malden,  M.A.    Crown  Svo.    is.  6d. 
A  simple  account  of  the  privileges  and  duties  of  the  English  citizen. 

John  Beever.  PRACTICAL  FLY-FISHING,  Founded  on 
Nature,  by  John  Beever,  late  of  the  Thwaite  House,  Coniston.  A 
New  Edition,  with  a  Memoir  of  the  Author  by  W.  G.  Collingwood, 
M.A.  Also  additional  Notes  and  a  chapter  on  Char-Fishing,  by  A. 
and  A.  R.  Severn.  With  a  specially  designed  title-page.  Crown 
Svo.    3*.  6d. 

A  little  book  on  Fly-Fishing  by  an  old  friend  of  Mr.  Ruskin.  It  has  been  out  ot 
print  for  some  time,  and  being  still  much  in  request,  is  now  issued  with  a  Memoir 
of  the  Author  by  W.  G.  Collingwood. 

Hutton.  THE  VACCINATION  QUESTION.  A  Letter  to 
the  Right  Hon.  H.  H.  ASQUITH,  M.P.  By  A.  W.  HUTTON, 
M.A.    Crown  Svo.    is.  6d. 
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Driver.  SERMONS  ON  SUBJECTS  CONNECTED  WITH 
THE  OLD  TESTAMENT.  By  S.  R.  Driver,  D.D.,  Canon  of 
Christ  Church,  Regius  Professor  of  Hebrew  in  the  University  of 
Oxford.    Crown  Svo.  6s. 

'A  welcome  companion  to  the  author's  famous  '  Introduction.'  No  man  can  read  these 
discourses  without  feeling  that  Dr.  Driver  is  fully  alive  to  the  deeper  teaching  of 
the  Old  Testament.' — Guardian. 

Cheyne.  FOUNDERS  OF  OLD  TESTAMENT  CRITICISM: 
Biographical,  Descriptive,  and  Critical  Studies.  By  T.  K.  Cheyne, 
D.D.,  Oriel  Professor  of  the  Interpretation  of  Holy  Scripture  at 
Oxford.    Large  crown  8vo.    Js.  6d. 

This  important  book  is  a  historical  sketch  of  O.T.  Criticism  in  the  form  of  biographi- 
cal studies  from  the  days  of  Eichhorn  to  those  of  Driver  and  Robertson  Smith. 
It  is  the  only  book  of  its  kind  in  English. 

'  The  volume  is  one  of  great  interest  and  value.  It  displays  all  the  author's  well- 
known  ability  and  learning,  and  its  opportune  publication  has  laid  all  students  of 
theology,  and  specially  of  Bible  criticism,  under  weighty  obligation. ' — Scotsman. 

'  A  very  learned  and  instructive  work.' — Times. 

Prior.  CAMBRIDGE  SERMONS.  Edited  by  C.  H.  Prior, 
M.A.,  Fellow  and  Tutor  of  Pembroke  College.    Crown  8vo.  6s. 

A  volume  of  sermons  preached  before  the  University  of  Cambridge  by  various 

preachers,  including  the  Archbishop  of  Canterbury  and  Bishop  Westcott. 
'  A  representative  collection.    Bishop  Westcott's  is  a  noble  sermon.' — Guardian. 
'Full  of  thoughtf ulness  and  dignity.' — Record. 

Beeching.  SERMONS  TO  SCHOOLBOYS.  By  H.  C. 
Beeching,  M.A.,  Rector  of  Yattendon,  Berks.  With  a  Preface  by 
Canon  Scott  Holland.    Crown  8vo.    2s.  6d. 

Seven  sermons  preached  before  the  boys  of  Bradfield  College. 

Layard.  RELIGION  IN  BOYHOOD.  Notes. on  the  Reli- 
gious Training  of  Boys.  With  a  Preface  by  J.  R.  Illingworth. 
By  E.  B.  Layard,  M.A.    iSmo.  is. 

James.  CURIOSITIES  OF  CHRISTIAN  HISTORY  PRIOR 
TO  THE  REFORMATION.  By  Croake  James,  Author  of 
'  Curiosities  of  Law  and  Lawyers.'    Crown  Svo.    Js.  6d. 

'  This  volume  contains  a  great  deal  of  quaint  and  curious  matter,  affording  some 
"  particulars  of  the  interesting  persons,  episodes,  and  events  from  the  Christian's 
point  of  view  during  the  first  fourteen  centuries."  Wherever  we  dip  into  his  pages 
we  find  something  worth  dipping  into.' — John  Bull. 

Kaufmann.  CHARLES  KINGSLEY.  By  M.  Kaufmann, 
M.A.    Crown  8vo.    Buckram.  $s. 

A  Diography  of  Kingsley,  especially  dealing  with  his  achievements  in  social  reform. 
'  The  author  has  certainly  gone  about  his  work  with  conscientiousness  and  industry.' — 
Sheffield  Daily  Telegraph. 
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With  Full-Page  Illustrations. 
THE  IMITATION  OF  CHRIST.    By  THOMAS  A  KEMPIS. 
With  an  Introduction  by  Archdeacon  Farrar.     Illustrated  by 
C.  M.  Gere,  and  printed  in  black  and  red.    Fcap.  Svo.    y.  6d. 

' A  new  and  beautiful  edition  of  a  book  that  will  abide  during  the  ages.  The  paging 
and  type-work  are  perfect,  and  the  effect  is  heightened  by  the  large,  fine-cut  metal 
letter  in  vermilion  which  marks  the  beginning  of  each  verse  or  paragraph  of  the 
volume.' — Freeman's  Journal. 

'We  must  draw  attention  to  the  antique  style,  quaintness,  and  typographical  excel- 
lence of  the  work,  its  red-letter  'initials'  and  black  letter  type,  and  old-fashioned 
paragraphic  arrangement  of  pagei.  The  antique  paper,  uncut  edges,  and  illustra- 
tions are  in  accord  with  the  other  features  of  this  unique  little  work.'— Newsagent. 

'Amongst  all  the  innumerable  English  editions  of  the  'Imitation,'  there  can  have 
been  few  which  were  prettier  than  this  one,  printed  in  strong  and  handsome  type 
by  Messrs.  Constable,  with  all  the  glory  of  red  initials,  and  the  comfort  of  buckram 
binding.' — Glasgow  Herald. 

THE  CHRISTIAN  YEAR.  By  John  Keble.  With  an  Intro- 
duction and  Notes  by  W.  Lock,  M.A.,  Sub-Warden  of  Keble 
College,  Author  of  'The  Life  of  John  Keble.*  Illustrated  by  R. 
Anning  Bell.    Fcap.  Svo.    $s.  [Easter. 


Leaders  of  Religion 

Edited  by  H.  C.  BEECHING,  M.A.    With  Portraits,  crown  Svo. 

A  series  of  short  biographies  of  the  most  pro- 
minent leaders  of  religious  life  and  thought  of 
all  ages  and  countries. 

The  following  are  ready —  2S.  6d. 

CARDINAL  NEWMAN.    By  R.  H.  Hutton.  Second  Edition. 

'  Few  who  read  this  book  will  fail  to  be  struck  by  the  wonderful  insight  it  displays 
into  the  nature  of  the  Cardinal's  genius  and  the  spirit  of  his  life.'— Wilfrid 
Ward,  in  the  Tablet. 

•  Full  of  knowledge,  excellent  in  method,  and  intelligent  in  criticism.  We  regard  it 
as  wholly  admirable.'— Academy. 

JOHN  WESLEY.   By  J.  H.  Overton,  M.A. 

'  It  is  well  done  :  the  story  is  clearly  told,  proportion  is  duly  observed,  and  there  is 
no  lack  either  of  discrimination  or  of  sympathy.'— Manchester  Guardian. 

BISHOP  WILBERFORCE.    By  G.  W.  Daniel,  M.A. 
CARDINAL  MANNING.    By  A.  W.  Hutton,  M.A. 
CHARLES  SIMEON.    By  H.  C.  G.  Moule,  M.A. 
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3s.  6d. 

JOHN  KEBLE.    By  Walter  Lock,  M.A.    Seventh  Edition. 

THOMAS  CHALMERS.    By  Mrs.  OLIPHANT.  Second  Edition. 

LANCELOT  ANDREWES,  Bishop  of  Winchester.    By  R.  L. 
Ottley,  M.A. 

'  A  very  interesting  and  skilful  monograph.' — Tunes. 

'  Mr.  Ottley  has  told  the  story  of  a  great  career  with  judgment  and  knowledge,  and 
he  has  not  forgotten  to  indicate  either  the  forces  which  shaped  it,  or  the  force 
which  it  has  in  turn  contributed  to  the  shaping  of  the  religious  life  of  to-day.— 
Leeds  Mercury. 

AUGUSTINE  OF  CANTERBURY.    By  E.  L.  CUTTS,  D.D. 
WILLIAM  LAUD.    By  W.  H.  HUTTON,  M.A. 

Other  volumes  will  be  announced  in  due  course. 


Works  by  S.  Baring  Gould 

OLD  COUNTRY  LIFE.  With  Sixty-seven  Illustrations  by 
W.  Parkinson,  F.  D.  Bedford,  and  F.  Masey.  Large  Crown 
8vo,  cloth  super  extra,  top  edge  gilt,  los.  6d.  Fifth  and  Cheaper 
Edition.  6s. 

'  "  Old  Country  Life,"  as  healthy  wholesome  reading,  full  of  breezy  life  and  move- 
ment, full  of  quaint  stories  vigorously  told,  will  not  be  excelled  by  any  book  to  be 
published  throughout  the  year.  Sound,  hearty,  and  English  to  the  core.'— IVorZd. 

HISTORIC  ODDITIES  AND  STRANGE  EVENTS.  Third 
Edition.    Crown  Svo.  6s. 
'  A  collection  of  exciting  and  entertaining  chapters.    The  whole  volume  Is  delightful 
reading. ' — Times. 

FREAKS  OF  FANATICISM.  Third  Edition.  Crown  Zvo.  6s. 

'  Mr.  Baring  Gould  has  a  keen  eye  for  colour  and  effect,  and  the  subjects  he  has 
chosen  give  ample  scope  to  his  descriptive  and  analytic  faculties.  A  perfectly 
fascinating  book.' — Scottish  Leader. 

A  GARLAND  OF  COUNTRY  SONG  :  English  Folk  Songs 
with  their  traditional  melodies.  Collected  and  arranged  by  S. 
Baring  Gould  and  H.  Fleetwood  Sheppard.    Demy  $to.  6s. 

SONGS  OF  THE  WEST  :  Traditional  Ballads  and  Songs  of 
the  West  of  England,  with  their  Traditional  Melodies.  Collected 
by  S.  Baring  Gould,  M.A.,  and  H.  Fleetwood  Sheppard, 
M.A.  Arranged  for  Voice  and  Piano.  In  4  Parts  (containing  25 
Songs  each),  Parts  I.,  II.,  III.,  y.  each.  Part  IV,  5*.  In  one 
Vol.,  French  morocco,  \^s. 
1 A  rich  and  varied  collection  of  humour,  pathos,  grace,  and  poetic  fancy.  — Saturday 
Review. 
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A  BOOK  OF  FAIRY  TALES  retold  by  S.  BARING  GOULD 
With  numerous  illustrations  and  initial  letters  by  Arthur  J.  Gaskin. 
Crown  Svo.    Buckram.  6s. 

'  The  stories  are  old  friends — Cinderella,  Bluebeard,  the  Three  Bears,  and  so  on — in 
a  new  dress  of  simple  language  which  their  skilled  reviser  has  given  them.  They 
make  a  delightful  collection,  and  Mr.  Gaskin's  illustrations  have  a  beauty  all  their 
own,  a  beauty  which  some  will  judge  to  be  beyond  the  appreciation  of  children, 
but  a  child  is  sure  to  be  interested  by  these  pictures,  and  the  impression  they 
give  cannot  but  have  the  best  effect  in  the  formation  of  a  good  taste. ' — Scotsman. 

'  Mr.  Baring  Gould  has  done  a  good  deed,  and  is  deserving  of  gratitude,  in  re-writ- 
ing in  honest,  simple  style  the  old  stories  that  delighted  the  childhood  of  "our 
fathers  and  grandfathers."  We  do  not  think  he  has  omitted  any  of  our  favourite 
stories,  the  stories  that  are  commonly  regarded  as  merely  "old-fashioned."  As 
to  the  form  of  the  book,  and  the  printing,  which  is  by  Messrs.  Constable,  it  were 
difficult  to  commend  overmuch.' — Saturday  Review. 

YORKSHIRE    ODDITIES    AND    STRANGE  EVENTS. 

Fourth  Edition.    Crown  Svo.  6s. 

STRANGE  SURVIVALS  AND  SUPERSTITIONS.  With 
Illustrations.  By  S.  Baring  Gould.  Crown  Svo.  Second  Edition. 
6s. 

A  book  on  such  subjects  as  Foundations,  Gables,  Holes,  Gallows,  Raising  the  Hat,  Old 
Ballads,  etc.  etc.    It  traces  in  a  most  interesting  manner  their  origin  and  history. 

'  We  have  read  Mr.  Baring  Gould's  book  from  beginning  to  end.  It  is  full  of  quaint 
and  various  information,  and  there  is  not  a  dull  page  in  it. '  —Notes  and  Queries. 

THE  TRAGEDY  OF  THE  CAESARS:  The 
Emperors  of  the  Julian  and  Claudian  Lines.  With  numerous  Illus- 
trations from  Busts,  Gems,  Cameos,  etc.  By  S.  Baring  Gould, 
Author  of  '  Mehalah,' etc.    Third  Edition.    Royal  Svo.  15s. 

'  A  most  splendid  and  fascinating  book  on  a  subject  of  undying  interest.  The  great 
feature  of  the  book  is  the  use  the  author  has  made  of  the  existing  portraits  of  the 
Caesars,  and  the  admirable  critical  subtlety  he  has  exhibited  in  dealing  with  this 
line  of  research.  It  is  brilliantly  written,  and  the  illustrations  are  supplied  on  a 
scale  of  profuse  magnificence. ' — Daily  Chronicle. 

'The  volumes  will  in  no  sense  disappoint  the  general  reader.  Indeed,  in  their  way, 
there  is  nothing  in  any  sense  so  good  in  English.  .  .  .  Mr.  Baring  Gould  has 
presented  his  narrative  in  such  a  way  as  not  to  make  one  dull  page.' — Athenaum. 

THE  DESERTS  OF  SOUTHERN  FRANCE.  EyS.  Baring 
Gould.  With  numerous  Illustrations  by  F.  D.  Bedford,  S. 
Hutton,  etc.    2  vols.    Demy  Svo.  32s. 

This  book  is  the  first  serious  attempt  to  describe  the  great  barren  tableland  that 
extends  to  the  south  of  Limousin  in  the  Department  of  Aveyron,  Lot,  etc.,  a. 
country  of  dolomite  cliffs,  and  canons,  and  subterranean  rivers.  The  region  is 
full  of  prehistoric  and  historic  interest,  relics  of  cave-dwellers,  of  mediaeval 
robbers,  and  of  the  English  domination  and  the  Hundred  Years'  War. 

'  His  two  richly-illustrated  volumes  are  full  of  matter  of  interest  to  the  geologist, 
the  archaeologist,  and  the  student  of  history  and  manners.' — Scotsman. 

'  It  deals  with  its  subject  in  a  manner  which  rarely  fails  to  arrest  and  enchain  atten- 
tion.'— Times. 

'  We  leave  the  author  with  a  clear  and  delightful  knowledge  of  the  district  and  with 

a  fresh  attraction  towards  himself.'— Leeds  Mercury. 
'  A  wholly  original  and  singularly  attractive  work,'— Daily  News. 
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MR.  BARING  GOULD'S  NOVELS 

'To  say  that  a  book  is  by  the  author  of  "  Mehalah  "  is  to  imply  that  it  contains  a 
story  cast  on  strong  lines,  containing  dramatic  possibilities,  vivid  and  sympathetic 
descriptions  of  Nature,  and  a  wealth  of  ingenious  imagery.' — Speaker. 

'That  whatever  Mr.  Baring  Gould  writes  is  well  worth  reading,  is  a  conclusion  that 
may  be  very  generally  accepted.  His  views  of  life  are  fresh  and  vigorous,  his 
language  pointed  and  characteristic,  the  incidents  of  which  he  makes  use  are 
striking  and  original,  his  characters  are  life-like,  and  though  somewhat  excep- 
tional people,  are  drawn  and  coloured  with  artistic  force.  Add  to  this  that  his 
descriptions  of  scenes  and  scenery  are  painted  with  the  loving  eyes  and  skilled 
hands  of  a  master  of  his  art,  that  he  is  always  fresh  and  never  dull,  and  under 
such  conditions  it  is  no  wonder  that  readers  have  gained  confidence  both  in  his 
power  of  amusing  and  satisfying  them,  and  that  year  by  year  his  popularity 
widens.' — Court  Circular. 

SIX  SHILLINGS  EACH 

IN  THE  ROAR  OF  THE  SEA  :  A  Tale  of  the  Cornish  Coast. 
MRS.  CURGENVEN  OF  CURGENVEN. 
CHEAP  JACK  ZITA. 
THE  QUEEN  OF  LOVE. 
KITTY  ALONE. 

THREE   SHILLINGS   AND   SIXPENCE  EACH 

ARMINELL  :  A  Social  Romance. 

URITH  :  A  Story  of  Dartmoor. 

MARGERY  OF  QUETHER,  and  other  Stories. 

JACQUETTA,  and  other  Stories. 

Fiction 

SIX  SHILLING  NOVELS 

Marie  Corelli.  BARABBAS  :  A  DREAM  OF  THE  WORLD'S 
TRAGEDY.  By  Marie  Corelli,  Author  of  '  A  Romance  of  Two 
Worlds,' 'Vendetta,' etc.  Fourteenth  Edition.  Crown  8vo.  6s. 
'  The  tender  reverence  of  the  treatment  and  the  imaginative  beauty  of  the  writing 
have  reconciled  us  to  the  daring  of  the  conception,  and  the  conviction  is  forced  on 
us  that  even  so  exalted  a  subject  cannot  be  made  too  familiar  to  us,  provided  it  be 
presented  in  the  true  spirit  of  Christian  faith.  The  amplifications  of  the  Scripture 
narrative  are  often  conceived  with  high  poetic  insight,  and  this  "  Dream  of  the 
World's  Tragedy  "  is,  despite  some  trifling  incongruities,  a  lofty  and  not  inade- 
quate paraphrase  of  the  supreme  climax  of  the  inspired  narrative.' — Dublin 
Review. 

Anthony  Hope.   THE  GOD  IN  THE  CAR.    By  Anthony 

Hope,  Author  of  '  A  Change  of  Air,'  etc.  Sixth  Edition.  Crown 
Svo.  6s. 

'"The  God  In  the  Car"  Is  so  good,  so  Immeasurably  better  than  anything 
Mr.  Hope  has  done  before  in  the  way  of  a  novel  of  contemporary  manners,  that 
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there  seems  no  reason  why  he  should  not  eventually  reach  that  place  in  the  front 
rank,  which  he  has  evidently  set  before  himself  as  his  goal.  "  The  God  in  the 
Car  "  is  a  novel  eminently  worth  reading,  full  of  brilliance,  fire,  and  daring,  and 
above  all  full  of  promise  of  something  still  better  in  the  future,  something  which 
will  render  criticism  superfluous.' — Manchester  Guardian. 

'  Ruston  is  drawn  with  extraordinary  skill,  and  Maggie  Dennison  with  many  subtle 
strokes.  The  minor  characters  are  clear  cut.  In  short  the  book  is  a  brilliant  one. 
"  The  God  in  the  Car"  is  one  of  the  most  remarkable  works  in  a  year  that  has 
given  us  the  handiwork  of  nearly  all  our  best  living  novelists.' — Standard. 

'  A  very  remarkable  book,  deserving  of  critical  analysis  impossible  within  our  limit ; 
brilliant,  but  not  superficial ;  well  considered,  but  not  elaborated  ;  constructed 
with  the  proverbial  art  that  conceals,  but  yet  allows  itself  to  be  enjoyed  by 
readers  to  whom  fine  literary  method  is  a  keen  pleasure  ;  true  without  cynicism, 
subtle  without  affectation,  humorous  without  strain,  witty  without  offence,  inevit- 
ably sad,  with  an  unmorose  simplicity.' — The  World. 

Anthony  Hope.   A  CHANGE  OF  AIR.   By  Anthony  Hope, 

Author  of  '  The  Prisoner  of  Zenda,'  etc.    Crown  Svo.  6s. 

'A  graceful,  vivacious  comedy,  true  to  human  nature.  The  characters  are  traced 
with  a  masterly  hand.' — Times. 

Anthony  Hope.   A  MAN  OF  MARK.    By  Anthony  Hope. 

Author  of  'The  Prisoner  of  Zenda,'  'The  God  in  the  Car,'  etc. 
Second  Edition.    Crown  Svo.  6s. 

This  is  a  re-issue  of  Anthony  Hope's  first  novel.  It  has  been  out  of  print  for  some 
years,  and  in  view  of  the  great  popularity  of  the  author,  it  has  been  reprinted.  It 
is  a  story  of  political  adventure  in  South  America,  and  is  rather  in  the  style  of 
'  The  Prisoner  of  Zenda.' 

Conan  Doyle.  ROUND  THE  RED  LAMP.  By  A.  Conan 
Doyle,  Author  of  '  The  White  Company,'  '  The  Adventures  of  Sher- 
lock Holmes,'  etc.    Third  Edition.    Crown  Svo.  6s. 

'  The  reader  will  find  in  it  some  perfectly  constructed  stories,  the  memory  of  which 
will  haunt  him  long  after  he  has  laid  it  down.  The  author  again  reveals  himself 
as  a  keenly  sympathetic  observer  of  life  and  a  master  of  vigorous  impressive  narra- 
tive.'— Yorkshire  Post. 

'  The  book  is,  indeed,  composed  of  leaves  from  life,  and  is  far  and  away  the  best 
view  that  has  been  vouchsafed  us  behind  the  scenes  of  the  consulting-room.  It  is 
very  superior  to  "  The  Diary  of  a  late  Physician."  ' — Illustrated  London  News. 

'  Dr.  Doyle  wields  a  cunning  pen,  as  all  the  world  now  knows.  His  deft  touch  is 
seen  to  perfection  in  these  short  sketches — these  "facts  and  fancies  of  medical 
life,"  as  he  calls  them.  Every  page  reveals  the  literary  artist,  the  keen  observer, 
the  trained  delineator  of  human  nature,  its  weal  and  its  woe.' — Freeman's  Journal. 

'These  tales  are  skilful,  attractive,  and  eminently  suited  to  give  relief  to  the  mind 
of  a  reader  in  quest  of  distraction.' — A thciUEUnu 

'  The  book  is  one  to  buy  as  well  as  to  borrow,  and  that  it  will  repay  both  buyer  and 
borrower  with  interest.' — Sunday  Times. 

'  It  is  quite  safe  to  assert  that  no  one  who  begins  to  read  '  Round  the  Red  Lamp ' 
will  voluntarily  lay  the  book  aside  until  every  one  of  its  fascinating  pages  has 
been  perused.' — Lady. 

'  No  more  interesting  and  occasionally  sensational  stories  have  appeared  than  these.' 
— Punch. 


Messrs.  Methuen's  List 


23 


Stanley  Weyman.  UNDER  THE  RED  ROBE.  By  Stanley 

Weyman,  Author  of  '  A  Gentleman  of  France.'  With  Twelve  Illus- 
trations by  R.  Caton  Woodville.    Sixth  Edition.    Crown  8vo.  6s. 

A  cheaper  edition  of  a  book  which  won  instant  popularity.  No  unfavourable  review 
occurred,  and  most  critics  spoke  in  terms  of  enthusiastic  admiration.  The  '  West- 
minster Gazette '  called  it  '  a  book  of  which  we  have  read  every  word  for  the  sheer 
pleasure  of  reading,  and  which  we  put  down  with  a  pang  that  we  cannot  forget 
it  all  and  start  again.'  The  '  Daily  Chronicle '  said  that  1  every  one  who  reads 
books  at  all  must  read  this  thrilling  romance, from  the  first  page  of  which  to  the 
last  the  breathless  reader  is  haled  along.'  It  also  called  the  book  '  an  inspiration 
of  manliness  and  courage.'  The  '  Globe  '  called  it  '  a  delightful  tale  of  chivalry 
and  adventure,  vivid  and  dramatic,  with  a  wholesome  modesty  and  reverence 
for  the  highest.' 

E.  F.  Benson.    DODO  :  A  DETAIL  OF  THE  DAY.  By  E.  F. 

Benson.    Crown  8vo.    Fourteenth  Edition.  6s. 

A  story  of  society  which  attracted  by  its  brilliance  universal  attention.  The  best 
critics  were  cordial  in  their  praise.  The  '  Guardian '  spoke  of  'Dodo'as'«»- 
usually  clever  and  interesting1 ;  the  '  Spectator '  called  it  '  a  delightfully  witty 
sketch  of  society  ; 1  the  '  Speaker '  said  the  dialogue  was  '  a  perpetual  feast  of 
epigram  and  paradox'  \  the  'Athena:um'  spoke  of  the  author  as  'a  writer 
of  quite  exceptional  ability' ;  the  'Academy'  praised  his  '  amazing  cleverness ;' 
the  'World'  said  the  book  was  'brilliantly  written';  and  half-a-dozen  papers 
declared  there  was  '  not  a  dull  page  in  the  book.' 

E.  F.  Benson.    THE  RUBICON.  By  E.  F.  Benson,  Author  of 
'Dodo.'    Fourth  Edition.    Crown  8vo.  6s. 

Of  Mr.  Benson's  second  novel  the  'Birmingham  Post'  says  it  is  'well  written, 
stimulating,  unconventional,  and,  in  a  word,  characteristic ' '.  the  '  National 
Observer '  congratulates  Mr.  Benson  upon  'an  exceptional  achievement,'  and 
calls  the  book  '  a  notable  advance  on  his  previous  work.' 

Baring  Gould.    IN  THE  ROAR  OF  THE  SEA :  A  Tale  of 

the  Cornish  Coast.    By  S.  Baring  Gould.    Fifth  Edition.  6s. 

Baring  Gould.     MRS.  CURGENVEN  OF  CURGENVEN. 
By  S.  Baring  Gould.    Third  Edition.  6s. 

A  story  of  Devon  life.  The  '  Graphic '  speaks  of  it  as  '  a  novel  of  vigorous  humour  and 
sustained  power'  ;  the  '  Sussex  Daily  News '  says  that  '  the  swing  of  the  narrative 
is  splendid' ;  and  the  '  Speaker'  mentions  its  '  bright  imaginative  power.' 

Baring  Gould.   CHEAP  JACK  ZITA.    By  S.  Baring  Gould. 

Third  Edition.    Crown  8vo.  6s. 

A  Romance  of  the  Ely  Fen  District  in  1815,  which  the  'Westminster  Gazette'  calls 
1  a  powerful  drama  of  human  passion ' ;  and  the  '  National  Observer '  '  a  story 
worthy  the  author.' 

Baring  Gould.    THE  QUEEN  OF  LOVE.    By  S.  Baring 
Gould.    Second  Edition.    Crown  8vo.  6s. 

The  '  Glasgow  Herald  '  says  that  '  the  scenery  is  admirable,  and  the  dramatic  inci- 
dents are  most  striking.'  The  'Westminster  Gazette'  calls  the  book  'strong, 
interesting,  and  clever.'  '  Punch '  says  that  '  you  cannot  put  it  down  until  you 
have  finished  it.'  '  The  Sussex  Daily  News '  says  that  it  '  can  be  heartily  recom- 
mended to  all  who  care  for  cleanly,  energetic,  and  interesting  fiction.' 
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Baring  Gould.  KITTY  ALONE.  By  S.  Baring  Gould, 
Author  of  'Mehalah,'  'Cheap  Jack  Zita,'  etc.  Second  Edition. 
Croivn  &vo.  6s. 

'A  strong  and  original  story,  teeming  with  graphic  description,  stirring  incident, 

and,  above  all,  with  vivid  and  enthralling  human  interest.' — Daily  Telegraph. 
'  Brisk,  clever,  keen,  healthy,  humorous,  and  interesting.' — National  Observer. 
'  Full  of  quaint  and  delightful  studies  of  character.' — Bristol  Mercury. 

W.  E.  Norris.  MATTHEW  AUSTIN.  By  W.  E.  Norris,  Author 
of  '  Mdlle.  de  Mersac,'  etc.    Second  Edition.    Crown  8vo.  6s. 

'  "Matthew  Austin  "  may  safely  be  pronounced  one  of  the  most  intellectually  satis- 
factory and  morally  bracing  novels  of  the  current  year.' — Daily  Telegraph. 

'The  characters  are  carefully  and  cleverly  drawn,  and  the  story  is  ingenious  and 
interesting.' — Guardian. 

'  Mr.  W.  E.  Norris  is  always  happy  in  his  delineation  of  every-day  experiences,  but 
rarely  has  he  been  brighter  or  breezier  than  in  "  Matthew  Austin."  The  pictures 
are  in  Mr.  Norris's  pleasantest  vein,  while  running  through  the  entire  story  is  a 
felicity  of  style  and  wholesomeness  of  tone  which  one  is  accustomed  to  find  in  the 
novels  of  this  favourite  author. ' — Scotsman. 

'  Mr.  Norris  writes  as  an  educated  and  shrewd  observer,  and  as  a  gentleman.1 — 
Pall  Mall  Budget. 

W.  E.  Norris.  HIS  GRACE.  By  W.  E.  Norris,  Author  of 
'  Mademoiselle  de  Mersac. '    Third  Edition,    Crown  Svo.  6s. 

'The  characters  are  delineated  by  the  author  with  his  characteristic  skill  and 
vivacity,  and  the  story  is  told  with  that  ease  of  manners  and  Thackerayean  in- 
sight which  give  strength  of  flavour  to  Mr.  Norris's  novels  No  one  can  depict 
the  Englishwoman  of  the  better  classes  with  more  subtlety.' — Glasgow  Herald. 

'  Mr.  Norris  has  drawn  a  really  fine  character  in  the  Duke  of  Hurstbourne,  at  once 
unconventional  and  very  true  to  the  conventionalities  of  life,  weak  and  strong  in 
a  breath,  capable  of  inane  follies  and  heroic  decisions,  yet  not  so  definitely  por- 
trayed as  to  relieve  a  reader  of  the  necessity  of  study  on  his  own  behalf.' — 
A  thenamm. 

Gilbert  Parker.  MRS.  FALCHION.  By  Gilbert  Parker, 
Author  of  *  Pierre  and  His  People.'    New  Edition.  6s. 

Mr.  Parker's  second  book  has  received  a  warm  welcome.  The  '  Athenosum  '  called 
it '  a  splendid  study  of  character' ;  the  '  Pall  Mall  Gazette '  spoke  of  the  writing  as 
'  but  little  behind  anything  that  has  been  done  by  any  writer  of  our  time  ' ;  the 
1  St.  James's  '  called  it  'a  very  striking  and  admirable  novel' ;  and  the  '  West- 
minster Gazette  '  applied  to  it  the  epithet  of  '  distinguished.' 

Gilbert  Parker.   PIERRE  AND  HIS  PEOPLE.    By  Gilbert 
Parker.    Crown  Svo.    Buckram.  6s. 
'Stories  happily  conceived  and  finely  executed.    There  is  strength  and  genius  in  Mr. 
Parker's  style.' — Daily  Telegraph. 

Gilbert  Parker.  THE  TRANSLATION  OF  A  SAVAGE.  By 
Gilbert  Parker,  Author  of  '  Pierre  and  His  People,'  '  Mrs. 
Falchion,'  etc.    Crown  8vo.  6s. 

'The  plot  is  original  and  one  difficult  to  work  out ;  but  Mr.  Parker  has  done  it  with 
great  skill  and  delicacy.  The  reader  who  is  not  interested  in  this  original,  fresh, 
and  well-told  tale  must  be  a  dull  person  indeed.' — Daily  Chronicle. 

'  A  strong  and  successful  piece  of  workmanship.  The  portrait  of  Lali,  strong,  digni- 
fied, and  pure,  is  exceptionally  well  drawn.  — Manchester  Guardian. 

'  A  very  pretty  and  interesting  story,  and  Mr.  Parker  tells  it  with  much  skill.  The 
story  is  one  to  be  read.' — St.  James's  Gazette. 
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Gilbert  Parker.  THE  TRAIL  OF  THE  SWORD.  By  Gilbert 
Parker,  Author  of  '  Pierre  and  his  People,'  etc.   Crown  Zvo.  6s. 
A  historical  romance  dealing  with  a  stirring  period  in  the  history  of  Canada. 

Arthur  Morrison.  TALES  OF  MEAN  STREETS.  By  Arthur 
Morrison.    Crown  8vo.  6s. 

1  Told  with  consummate  art  and  extraordinary  detail.  He  tells  a  plain,  unvarnished 
tale,  and  the  very  truth  of  it  makes  for  beauty.  In  the  true  humanity  of  the  book 
lies  its  justification,  the  permanence  of  its  interest,  and  its  indubitable  triumph.  — 

A  tlitn&unu 

'  Each  story  is  complete  in  itself,  vivid,  engrossing.    His  work  is  literature,  and 

literature  of  a  high  order.' — Realm. 
•A  great  book.  The  author's  method  is  amazingly  effective,  and  produces  a  thrilling 

sense  of  reality.    The  writer  lays  upon  us  a  master  hand.    The  book  is  simply 

appalling  and  irresistible  in  its  interest.     It  is  humorous  also  ;  without  humour 

it  would  not  make  the  mark  it  is  certain  to  make.' — World. 
1  Mr.  Morrison  has  shot  the  flashlight  of  his  unmistakable  genius.    The  literary 

workmanship  is  of  the  highest  order.' — Aberdeen  Press. 
1  Powerful  pictures  from  the  lower  social  depths.' — Morning  Post. 

Robert  Barr.    IN  THE  MIDST  OF  ALARMS.   By  Robert 
Barr,  Author  of  '  From  Whose  Bourne,'  etc.    Crown  Zvo.  6s. 

'A  delightful  romance  with  experiences  strange  and  exciting.  There  are  two  pretty 
girls  in  the  story,  both  the  heroes  fall  in  love,  and  the  development  of  this  thread 
of  the  tale  is  in  all  respects  charming.  The  dialogue  is  always  bright  and  witty  ; 
the  scenes  are  depicted  briefly  and  effectively  ;  and  there  is  no  incident  from  first 
to  last  that  one  would  wish  to  have  omitted.' — Scotsman. 

Pryce.    TIME  AND  THE  WOMAN.    By  Richard  Pryce, 
Author  of  '  Miss  Maxwell's  Affections,'  'The  Quiet  Mrs.  Fleming,' 
etc.    New  and  Cheaper  Edition.    Crown  Zvo.  6s. 
1  Mr.  Pryce's  work  recalls  the  style  of  Octave  Feuillet,  by  its  clearness,  conciseness, 
its  literary  reserve.' — Atheneeum. 

Marriott  Watson.  DIOGENES  OF  LONDON  and  other 
Sketches.  By  H.  B.  Marriott  Watson,  Author  of  'The  Web 
of  the  Spider.'  Crown  Zvo.  Buckram.  6s. 
'  By  all  those  who  delight  in  the  uses  of  words,  who  rate  the  exercise  of  prose  above 
the  exercise  of  verse,  who  rejoice  in  all  proofs  of  its  delicacy  and  its  strength,  who 
believe  that  English  prose  is  chief  among  the  moulds  of  thought,  by  these 
Mr.  Marriott  Watson's  book  will  be  welcomed.'— National  Observer. 

Gilchrist.  THE  STONE  DRAGON.  By  Murray  Gilchrist. 

Crown  Zvo.   Buckram.  6s. 
'The  author's  faults  are  atoned  for  by  certain  positive  and  admirable  merits.  The 
romances  have  not  their  counterpart  in  modern  literature,  and  to  read  them  is  a 
unique  experience.' — National  Observer. 

THREE-AND-SIXPENNY  NOVELS 

Edna  Lyall.     DERRICK   VAUGHAN,    NOVELIST.  By 
Edna  Lyall,  Author  of  '  Donovan,'  etc.    Crown  Zvo.    3*.  6a?. 

Baring  Gould.    ARMINELL :  A  Social   Romance.    By  S. 
Baring  Gocld.    New  Edition.    Crown  Zvo.    y.  6d. 
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Baring  Gould.  URITH  :  A  Story  of  Dartmoor.  By  S.  Baring 
Gould.    Third  Edition.    Crown  Svo.    y.  6d. 

'The  author  is  at  his  best.' — Times. 

'He  has  nearly  reached  the  high  water-mark  of  "  Mehalah."  '—National  Observer. 

Baring  Gould.  MARGERY  OF  QUETHER,  and  other  Stories. 
By  S.  Baring  Gould.    Crown  Svo.    y.  6d. 

Baring  Gould.  JACQUETTA,  and  other  Stories.  By  S.  Baring 
Goued.    Crown  Svo.    y.  6d. 

Gray.  ELSA.  A  Novel.  By  E.  M'Queen  Gray.  Crown  Svo. 
y.  6d. 

'  A  charming  novel.  The  characters  are  not  only  powerful  sketches,  but  minutely 
and  carefully  finished  portraits.' — Guardian. 

J.  H.  Pearce.  JACO  TRELOAR.  By  J.  H.  Pearce,  Author  of 
•Esther  Pentreath.'    New  Edition.    Crown  Svo.  y.dd. 

A  tragic  story  of  Cornish  life  by  a  writer  of  remarkable  power,  whose  first  novel  has 

been  highly  praised  by  Mr.  Gladstone. 
The  '  Spectator '  speaks  of  Mr.  Pearce  as  '  a  writer  of  exceptional  power  ;  the  Daily 

Telegraph'  calls  the  book  'powerful  and  picturesque  '  \  the   Birmingham  Post 

asserts  that  it  is  'a  novel  of  high  quality.' 

Clark  Russell.  MY  DANISH  SWEETHEART.  By  W. 
Clark  Russell,  Author  of  « The  Wreck  of  the  Grosvenor,'  etc. 
Illustrated.    Third  Edition.    Crown  Svo.    y.  6d. 

X.  L.  AUT  DIABOLUS  AUT  NIHIL,  and  Other  Stories. 
By  X.  L.    Crown  Svo.    y.  6d. 

'  Distinctly  original  and  in  the  highest  degree  imaginative.  The  conception  is  almost 
as  lofty  as  Milton's.' — Spectator.  .  . 

'  Original  to  a  degree  of  originality  that  may  be  called  primitive— a  kind  ot  passion- 
ate directness  that  absolutely  absorbs  us.'— Saturday  Review. 

'  Of  powerful  interest.  There  is  something  startlmgly  original  in  the  treatment  ot  tbe 
themes.  The  terrible  realism  leaves  no  doubt  of  the  author  s  power.  —A  tlienteum. 

'The  stories  possess  the  rare  merit  of  originality.'— Speaker. 

O'Grady.  THE  COMING  OF  CUCULAIN.  A  Romance  of 
the  Heroic  Age  of  Ireland.  By  Standish  O'Grady,  Author  of 
'  Finn  and  his  Companions,'  etc.  Illustrated  by  Murray  Smith. 
Crown  Svo.  y.  6d. 
•  A  flashlight  thrown  on  the  greatness  and  splendour  of  our  ancestors.  Redolent  of 
freshness  and  purity.'—  Cork  Herald.  _  •«•„.,' 

'  The  sugg  :stions  of  mystery,  the  rapid  and  exciting  action,  are  superb  poetic  enects. 

'  Forffg^and  colour  it  resembles  nothing  so  much  as  a  Swiss  dawn.'- Manchester 

'  A^omancTextremely  fascinating  and  admirably  well  knit.'— Saturday  Review. 

Constance  Smith.  A  CUMBERER  OF  THE  GROUND. 
By  Constance  Smith,  Author  of  « The  Repentance  of  Taul  Went- 
worth,'  etc.    New  Edition.    Crown  Svo.    3*.  6d. 
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Author  of  'Vera.'    THE  DANCE  OF  THE  HOURS.  By 
the  Author  of  '  Vera.'    Crown  8vo.  3s. 

Esme  Stuart.    A  WOMAN  OF  FORTY.   By  Esme  Stuart, 
Author  of  'Muriel's  Marriage,'  *  Virginia's  Husband,'  etc.  New 
Edition.    Crown  8vo.    3s.  ^d. 
1  The  story  is  well  written,  and  some  of  the  scenes  show  great  dramatic  power.' — 
Daily  Chronicle. 

Term.     THE  STAR  GAZERS.     By  G.  Manville  Fenn, 
Author  of  '  Eli's  Children,'  etc.    New  Edition.    Cr.  8vo.    %s.  6d. 

1  A  stirring  romance.' — Western  Morning  News. 

'  Told  with  all  the  dramatic  power  for  which  Mr.  Fenn  is  conspicuous.' — Bradford 
Observer. 

Dickinson.    A  VICAR'S  WIFE.    By  Evelyn  Dickinson. 

Crown  8vo.    3s.  6d. 

Prowse.   THE  POISON  OF  ASPS.    By  R.  Orton  Prowse. 
Crown  8vo.    $s.  6d. 


Grey.  THE  STORY  OF  CHRIS.  By  Rowland  Grey. 
Crown  8vo.  $s. 

Lynn  Linton.  THE  TRUE  HISTORY  OF  JOSHUA  DAVID- 
SON, Christian  and  Communist.  By  E.  Lynn  Linton.  Eleventh 
Edition.    Post  8vo.  is. 


HALF-CROWN  NOVELS 

A  Series  of  Novels  by  popular  Authors,  tastefully 
bound  in  cloth. 


1.  THE  PLAN  OF  CAMPAIGN.    By  F.  Mabel  Robinson. 

2.  DISENCHANTMENT.    By  F.  Mabel  Robinson. 

3.  MR.  BUTLER'S  WARD.    By  F.  Mabel  Robinson. 

4.  HOVENDEN,  V.C.   By  F.  Mabel  Robinson. 

5.  ELI'S  CHILDREN.  By  G.  Manville  Fenn. 

6.  A  DOUBLE  KNOT.    By  G.  Manville  Fenn. 

7.  DISARMED.    By  M.  Betham  Edwards. 

8.  A  LOST  ILLUSION.   By  Leslie  Keith. 

9.  A  MARRIAGE  AT  SEA.   By  W.  Clark  Russell. 

10.  IN  TENT  AND  BUNGALOW.  By  the  Author  of  'Indian 

Idylls." 

11.  MY  STEWARDSHIP.    By  E.  M'QUEEN  GRAY. 
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12.  A  REVEREND  GENTLEMAN.    By  J.  M.  Cobban. 

13.  A  DEPLORABLE  AFFAIR.     By  W.  E.  NORRIS. 

14.  JACK'S  FATHER.    By  W.  E.  NORRIS. 

Other  volumes  will  be  announced  in  due  course. 

Books  for  Boys  and  Girls 

Baring  Gould.  THE  ICELANDER'S  SWORD.  By  S. 
Baring  Gould,  Author  of  'Mehalah,'  etc.  With  Twenty-nine 
Illustrations  by  J.  Moyr  Smith.    Crown  Svo.  6s. 

A  stirring  story  of  Iceland,  written  for  boys  by  the  author  of  '  In  the  Roar  of  the  Sea. 

Cuthell.    TWO  LITTLE  CHILDREN  AND  CHING.  By 
Edith  E.  Cuthell.    Profusely  Illustrated.    Crown  8vo.  Clotk, 
gilt  edges.    $s.  6d. 
Another  story,  with  a  dog  hero,  by  the  author  of  the  very  popular  '  Only  a  Guard- 
Room  Dog. 

Blake.  TODDLEBEN'S  HERO,  By  M.  M.  Blake,  Author  of 
'  The  Siege  of  Norwich  Castle.'  With  36  Illustrations.  Crown 
Svo.    2s-  6d. 

A  story  of  military  life  for  children. 

Cuthell.  ONLY  A  GUARD-ROOM  DOG.  By  Mrs.  Cuthell. 
With  16  Illustrations  by  W.  Parkinson.  Square  Crown  Svo.  y.6d. 

'  This  is  a  charming  story.  Tangle  was  but  a  little  mongrel  Skye  terrier,  but  he  had  a 
big  heart  in  his  little  body,  and  played  a  hero's  part  more  than  once.  The  book 
can  be  warmly  recommended. ' — Standard. 

Collingwood.  THE  DOCTOR  OF  THE  JULIET.  By  Harry 
Collingwood,  Author  of  'The  Pirate  Island,'  etc.  Illustrated  by 
Gordon  Browne.    Crown  8vo.    3s.  6d. 

'  "The  Doctor  of  the  Juliet,"  well  illustrated  by  Gordon  Browne,  is  one  of  Harry 
Collingwood's  best  efforts.' — Morning  Post. 

Clark  Russell.  MASTER  ROCKAFELLAR'S  VOYAGE.  By 
W.  Clark  Russell,  Author  of  1  The  Wreck  of  the  Grosvenor,'  etc. 
Illustrated  by  Gordon  Browne.  Second  Edition,  Crown  Svo. 
2,s.  6d. 

'Mr.  Clark  Russell's  story  of  "Master  Rockafellar's  Voyage"  will  be  among  the 
favourites  of  the  Christmas  books.  There  is  a  rattle  and  "  go  "  all  through  it,  and 
its  illustrations  are  charming  in  themselves,  and  very  much  above  the  average  in 
the  way  in  which  they  are  produced.' — Guardian. 

Manville  Fenn.  SYD  BELTON  :  Or,  The  Boy  who  would  not 
go  to  Sea.  By  G.  Manville  Fenn,  Author  of  *  In  the  King's 
Name,'  etc.  Illustrated  by  Gordon  Browne.  Crown  Svo.  3*.  6d. 
'  Who  among  the  young  story-reading  public  will  not  rejoice  at  the  sight  of  the  old 
combination,  so  often  proved  admirable— a  story  by  Manville  Fenn,  illustrated 
by  Gordon  Browne?  The  story,  too,  is  one  of  the  good  old  sort,  full  of  life  and 
vigour,  brceziness  and  (an.'—foumat  of  Education. 
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The  Peacock  Library 

A  Series  of  Books  for  Girls  by  well-known  Authors, 
handsomely  bound  in  blue  and  silver,  and  well  illustrated. 
Crown  8vo. 

1.  A  PINCH  OF  EXPERIENCE.    By  L.  B.  WALFORD. 

2.  THE  RED  GRANGE.    By  Mrs.  MOLESWORTH. 

3.  THE  SECRET  OF  MADAME  DE  MONLUC.     By  the 

Author  of  '  Mdle  Mori.' 

4.  DUMPS.   By  Mrs.  Parr,  Author  of  'Adam  and  Eve.' 

5.  OUT  OF  THE  FASHION.    By  L.  T.  Meade. 

6.  A  GIRL  OF  THE  PEOPLE.    By  L.  T.  Meade. 

7.  HEPSY  GIPSY.    By  L.  T.  Meade.    2s.  6d. 

8.  THE  HONOURABLE  MISS.  By  L.  T.  Meade. 

9.  MY  LAND  OF  BEULAH.    By  Mrs.  LEITH  Adams. 

University  Extension  Series 

A  series  of  books  on  historical,  literary,  and  scientific  subjects,  suitable 
for  extension  students  and  home  reading  circles.  Each  volume  is  com- 
plete 5n  itself,  and  the  subjects  are  treated  by  competent  writers  in  a 
broad  and  philosophic  spirit. 

Edited  by  J.  E.  SYMES,  M.A., 
Principal  of  University  College,  Nottingham. 
Crown  Svo.    Price  {with  some  exceptions)  2s.  6d. 
The  following  volumes  are  ready : — 

THE  INDUSTRIAL  HISTORY  OF  ENGLAND.  By  H.  DE 
B.  Gibbins,  M.A.,  late  Scholar  of  Wadham  College,  Oxon.,  Cobden 
Prizeman.    Fourth  Edition.    With  Maps  and  Plans.  2s- 

'A  compact  and  clear  story  of  our  industrial  development.  A  study  of  this  concise 
but  luminous  book  cannot  fail  to  give  the  reader  a  clear  insight  into  the  principal 
phenomena  of  our  industrial  history.  The  editor  and  publishers  are  to  be  congrat- 
ulated on  this  first  volume  of  their  venture,  and  we  shall  look  with  expectant 
interest  for  the  succeeding  volumes  of  the  series.' — University  Extension  Journal. 

A  HISTORY  OF  ENGLISH  POLITICAL  ECONOMY.  By 
L.  L.  Price,  M.A.,  Fellow  of  Oriel  College,  Oxon. 

PROBLEMS  OF  POVERTY  :  An  Inquiry  into  the  Industrial 
Conditions  of  the  Poor.    By  J.  A.  Hobson,  M.  A.    Second  Edition. 

VICTORIAN  POETS.    By  A.  SHARP. 
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THE  FRENCH  REVOLUTION.  By  J.  E.  SYMES,  M.A. 

PSYCHOLOGY.    By  F.  S.  Granger,  M.A.,  Lecturer  in  Philo- 
sophy at  University  College,  Nottingham. 

THE  EVOLUTION  OF  PLANT  LIFE  :  Lower  Forms.  By 

G.  Massee,  Kew  Gardens.    With  Illustrations. 

AIR  AND  WATER.    Professor  V.  B.  Lewes,  M.A.  Illustrated. 

THE  CHEMISTRY  OF  LIFE  AND  HEALTH.     By  C.  W. 
Kimmins,  M.A.  Camb.  Illustrated. 

THE  MECHANICS  OF  DAILY  LIFE.    By  V.  P.  Sells,  M.A 
Illustrated. 

ENGLISH  SOCIAL  REFORMERS.   H.  DE  B.  GiBBlNS,  M.A. 

ENGLISH  TRADE  AND   FINANCE   IN  THE  SEVEN- 
TEENTH CENTURY.  By  W.  A.  S.  Hewins,  B.A. 

THE  CHEMISTRY  OF  FIRE.    The  Elementary  Principles  of 
Chemistry.   By  M.  M.  Pattison  Muir,  M.A.  Illustrated. 

A  TEXT-BOOK  OF  AGRICULTURAL  BOTANY.  By  M.  C. 
Potter,  M.A.,  F.L.S.    Illustrated.    3.J.  6d. 

THE  VAULT   OF  HEAVEN.     A  Popular  Introduction  to 
Astronomy.    By  R.  A.  Gregory.    With  numerous  Illustrations. 

METEOROLOGY.    The  Elements  of  Weather  and  Climate. 
By  H.  N.  Dickson,  F.R.S.E.,  F.R.  Met.  Soc.  Illustrated. 

A  MANUAL  OF  ELECTRICAL  SCIENCE.    By  GEORGE 
J.  Burch,  M.A.    With  numerous  Illustrations.  3*. 

THE  EARTH.    An  Introduction  to  Physiography.    By  Evan 
Small,  M.A.  Illustrated. 

INSECT  LIFE.    By  F.  W.  THEOBALD,  M.A.  Illustrated. 

Social  Questions  of  To-day- 
Edited  by  H.  de  B.  GIBBINS,  M.A. 

Crown  Svo.    2s.  6d.  ^»  1 

A  series  of  volumes  upon  those  topics  of  social,  economic,  I 
and  industrial  interest  that  are  at  the  present  moment  fore-  ' 
most  in  the  public  mind.    Each  volume  of  the  series  is  written  by  an 
author  who  is  an  acknowledged  authority  upon  the  subject  with  which 
he  deals. 

The  following  Volumes  of  the  Series  are  ready  : — 
TRADE  UNIONISM— NEW  AND  OLD.     By  G.  Howell, 
M.P.,  Author  of  'The  Conflicts  of  Capital  and  Labour.'  Second 
Edition. 
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THE  CO-OPERATIVE  MOVEMENT  TO-DAY.    By  G.  J. 

Holyoake,  Author  of  •  The  History  of  Co-operation.' 

MUTUAL  THRIFT.    By  Rev.  J.  Frome  WILKINSON,  M.A., 

Author  of  *  The  Friendly  Society  Movement.' 
PROBLEMS  OF  POVERTY  :  An  Inquiry  Into  the  Industrial 

Conditions  of  the  Poor.  By  J.  A.  Hobson,  M.  A.  Second  Edition. 
THE  COMMERCE  OF  NATIONS.     By  C.  F.  Bastable, 

M.A.,  Professor  of  Economics  at  Trinity  College,  Dublin. 
THE  ALIEN  INVASION.  By  W.  H.  Wilkins,  B.A.,  Secretary 

to  the  Society  for  Preventing  the  Immigration  of  Destitute  Aliens. 
THE  RURAL  EXODUS.    By  P.  Anderson  Graham. 
LAND  NATIONALIZATION.    By  HAROLD  Cox,  B.A. 
A  SHORTER  WORKING  DAY.     By  H.  DE  B.  GlBBINS 

and  R.  A.  Hadfield,  of  the  Hecla  Works,  Sheffield. 
BACK  TO  THE  LAND  :  An  Inquiry  into  the  Cure  for  Rural 

Depopulation.    By  H.  E.  Moore. 

TRUSTS,  POOLS  AND  CORNERS  :  As  affecting  Commerce 
and  Industry.    By  J.  Stephen  Jeans,  M.R.I.,  F.S.S. 

THE  FACTORY  SYSTEM.    By  R.  COOKE  TAYLOR. 

THE  STATE   AND    ITS   CHILDREN.     By  Gertrude 

TUCKWELL. 

WOMEN'S  WORK    By  Lady  Dilke,  Miss  Bulley,  and 
Miss  Whitley. 

Classical  Translations 

Edited  by  H.  F.  FOX,  M.A.,  Fellow  and  Tutor  of  Brasenose 
College,  Oxford. 

Messrs.  Methuen  propose  to  issue  a  New  Series  of  Translations  from 
the  Greek  and  Latin  Classics.  They  have  enlisted  the  services  of  some 
of  the  best  Oxford  and  Cambridge  Scholars,  and  it  is  their  intention  that 
the  Series  shall  be  distinguished  by  literary  excellence  as  well  as  by 
scholarly  accuracy. 

Crown  8vo.    Finely  printed  and  bound  in  blue  buckram. 

CICERO— De  Oratore  I.    Translated  by  E.  N.  P.  Moor,  M.A., 
Assistant  Master  at  Clifton,    y.  6d. 
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/ESCHYLUS— Agamemnon,  Choephoroe,  Eumenides.  Trans- 
lated by  Lewis  Campbell,  LL.D.,  late  Professor  of  Greek  at  St. 
Andrews.  5*. 

LUCIAN— Six  Dialogues  (Nigrinus,  Icaro-Menippus,  The  Cock, 

The  Ship,  The  Parasite,  The  Lover  of  Falsehood).    Translated  by 

S.  T.  Irwin,  M.A.,  Assistant  Master  at  Clifton;  late  Scholar  of 

Exeter  College,  Oxford.    3*.  6d. 
SOPHOCLES— Electra  and  Ajax.     Translated  by  E.  D.  A. 

Morshead,  M.A.,  late  Scholar  of  New  College,  Oxford  ;  Assistant 

Master  at  Winchester.    2s.  6d. 
TACITUS — Agricola  and  Germania.     Translated  by  R.  B. 

Townshend,  late  Scholar  of  Trinity  College,  Cambridge.    2s.  6d. 
CICERO— Select  Orations  (Pro  Milone,  Pro  Murena,  Philippic  II., 

In  Catilinam).    Translated  by  H.  E.  D.  Blakiston,  M.A.,  Fellow 

and  Tutor  of  Trinity  College,  Oxford.  5*. 

Methuen's  Commercial  Series 

BRITISH  COMMERCE  AND  COLONIES  FROM  ELIZA- 
BETH TO  VICTORIA.  By  H.  de  B.  Gibbins,  M.A.,  Author 
of  'The  Industrial  History  of  England,'  etc.,  etc.  2s. 

A  MANUAL  OF  FRENCH  COMMERCIAL  CORRES- 
PONDENCE. By  S.  E.  Bally,  Modern  Language  Master  at 
the  Manchester  Grammar  School.  2s. 

COMMERCIAL  GEOGRAPHY,  with  special  reference  to  Trade 
Routes,  New  Markets,  and  Manufacturing  Districts.  By  L.  D. 
Lyde,  M.  A.,  of  The  Academy,  Glasgow.  2s. 

COMMERCIAL  EXAMINATION  PAPERS.  By  H.  DE  B. 
Gibbins,  M.A.    is.  6d. 

THE  ECONOMICS  OF  COMMERCE.  By  H.  DE  B.  GIBBINS, 
M.A.    is.  6d. 

A  PRIMER  OF  BUSINESS.    By  S.  JACKSON,  M.A.    is.  6d, 
COMMERCIAL    ARITHMETIC.     By  F.   G.  TAYLOR, 
M.A.    is.  6d. 

A  FRENCH  COMMERCIAL  READER.  By  S.  E.  Bally. 
1  j.  6d. 


